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THE MANAGEMENT OF THE TETRALOGY OF FALLOT WHEN COMPLICATED 
BY PULMONARY TUBERCULOSIS! | 


REEVE H. BETTS, T. THOMAS, ano N. GOPINATH 


(Received for publication October 5, 1959) 


INTRODUCTION 
The occasional association of active pulmonary 
tuberculosis and congenital cyanotic heart 


disease is to be expected. As tuberculosis is 
comparatively common in the general population 
of India, and as there is ample evidence that 
congenital cardiac defects are as frequent here 
as elsewhere, the association of such lesions is 
thus to be anticipated. Although brief reference 
to the problem has been made by Basu (1) and 
the present writers (2) in the Indian literature, 
the only detailed studies found in the recent 
literature have been by the group at Johns 
Hopkins Hospital in the United States (3-6). 
These investigations indicate that it is not just 
the problem of a cardiac lesion complicated by 
pulmonary disease, but that the actual manage- 
ment of the cardiac defect may need to be modi- 
fied. 

Up to January 1, 1959, in the present study, 
10 cases of associated active pulmonary tubercu- 
losis and cyanotic heart disease have been en- 
countered among a total of 173 patients diagnosed 
as having some form of the tetralogy of Fallot 
(figure 1). In 3 of the 10 cases, one of which is 
cited below, no surgical procedure was carried 
out. In the other cases, various methods of 
treatment were employed. Some of the deleterious 
effects previously reported to follow systemic 
pulmonary arterial anastomosis in the presence 
of pulmonary tuberculosis have not been en- 
countered in this series. 


Case ReEporRTS 
Case 1. Mr. C. (C.M.C.H., 67682), a 37-year-old 
male, who was admitted to the hospital on De- 
1From the Cardio-Thoracic Unit, Christian 
Medical College and Hospital, Vellore, South 
India. 
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cember 13, 1958, gave a history of dyspnea and a 
tendency to squat since early childhood. He 
stated that cyanosis had not been noticed before 
the age of twenty. In the past few years, all of his 
symptoms were found to be increasing at a rapid 
rate, and at the time of admission he was able to 
walk only a few yards. Cough, fever, and pro- 
duction of sputum were first noted two years 
before admission. At the time of admission his 
sputum was negative for tubercle bacilli. The 
hemoglobin was 22 gm. A roentgenogram of the 
chest (figure 2) revealed bilateral pulmonary 
tuberculosis. He was started on tuberculous 
chemotherapy and advised to report later for 
possible treatment of his congenital heart lesion. 


Comment: The above case is typical of 3 of 
the 10 patients who were found to have associated 
active tuberculosis and congenital cyanotic 


heart disease and who were given chemotherapy 


and advised to return later for possible surgical 
consideration. It has not been possible to carry 
the plan out, as the tuberculosis has never been 
brought to a stable state in one patient, and the 
other 2 patients have not returned. 


Case 2. Mr. M. (C.M.C.H., 60823), a 17-year-old 
male, was admitted to the hospital on June 13, 
1958, with a history of cyanosis from birth and 
increasing dyspnea on exertion. Examination 


revealed quite typical findings of tetralogy of 


Fallot with a right aortic arch. Examination of 
the blood showed 20 gm. of hemoglobin. A left 
thoracotomy was carried out on July 14, 1958, 
but, on opening the left thorax, it was found that 
the pleura was studded with small tubercles, some 
of which were removed for pathologie study. 
Because of the marked involvement of the pleura 
along the mediastinum, it was considered unwise 
to continue with a shunt type of operation in the 
presence of this untreated tuberculous lesion. The 
operation was, therefore, terminated. The patient 
had a rather ‘‘stormy’’ postoperative course for 
the first week, but was discharged in good con- 
dition on chemotherapy on August 9, 1958. He 
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Cones Operates 


Yeors. 1950 


hic. 1. Showing number of patients diagnosed an 


F FALLOT 
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d operated on for tetralogy of Fallot, 1950-1958. 


During this period there were 10 cases of associated active pulmonary or pleural tuberculosis. 


was advised to come back for surgical consider- 
ation at a later date. 


Comment: This is an example of a patient 
with unrecognized pleural tuberculosis until the 
time of operation, which had to be terminated 
because of this unexpected finding. A review of 
the preoperative roentgenogram (figure 3) 
showed no evidence whatsoever of any pulmonary 


lesion, 


Case 38. Miss A. (C.M.C.H., 43463), an 18-year-old 
female, was admitted to the hospital on March 12, 
1957. She complained of cyanosis with frequent 
fainting attacks since childhood. She found it 
necessary to squat frequently after moderate 
exertion. Clinical and laboratory investigations 
were compatible with the diagnosis of tetralogy 
of Fallot. The preoperative roentgenogram of the 
chest (figure 4) showed one or two suspicious 
shadows in the left lung field, but this finding 
was not seriously interpreted as clinical tubercu- 
losis. On March 26, 1957, a left thoracotomy was 
carried out and it was obvious that there were 
tuberculous infiltrates in the upper lobe. The 
extent of the disease was only moderate and, as 
the pleura was not involved, it was decided to go 
ahead with the originally planned Blalock 
operation and trust to chemotherapy in the post- 
operative period to control the tuberculous lesion. 
The plan was adhered to, and the patient had an 
uneventful convalescence and was discharged on 
April 25, 1957, on tuberculosis chemotherapy. Her 
course since then has been very satisfactory and 
she has obtained a good result. 


tres 


Fig. 2. Case 1. Mr. C. (67682). Roentgenogram 
showing the rather typically shaped heart in the 
tetralogy of Fallot. Moderately extensive bilateral 
tuberculosis is present which had not been previ- 
ously diagnosed. 


Comment: This patient, like the previous one, 
represents a missed diagnosis of tuberculosis 
until operation. It is apparently possible now, 
with the advantages of chemotherapy, to go 
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Fig. 3. Case 2. Mr. M. (60823). Roentgenogram 
showing no demonstrable pulmonary lesion. At 
thoracotomy the entire pleura was studded with 


tubercles. 
~ 


Fic. 4. Case 3. Miss A. (43463). Preoperative 
roentgenogram which on close scrutiny reveals 
two small areas of infiltration in left upper lobe 
that at operation were found to be tuberculous. 
A Blalock type of shunt was carried out, and with 


chemotherapeutic treatment the patient did well 


postoperatively. 
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ahead in the face of a moderate tuberculous 
lesion and rely on chemotherapy for control 
during the postoperative period. 


Case 4. Miss J. (C.M.C.H., 70325), a 22-year-old 
female, was admitted to the hospital on February 
26, 1959, and is stated to have had breathlessness 
and weakness since childhood and attacks of 
unconsciousness since November, 1958. Cyanosis 
had been present since birth and she was able to 
walk only an eighth of a mile on the level. Pulmo- 
nary tuberculosis was first diagnosed in October, 
1954, and treatment with chemotherapy was given 
until Mareh, 1955. The tuberculous process was 


limited to the right upper lobe on roentgeno- 


graphic examination (figure 5). A diagnosis of 
tetralogy of Fallot with a left aortic arch wasmade. 
Cardiac catheterization revealed the pressure in 
the right ventricle to be equal to that of the sys- 
temic circulation. The hemoglobin was 15.5 gm. A 
left thoracotomy was done on March 14, 1959, when 
a large left pulmonary artery was found with a 
thrill palpable. In freeing up the various branches 
of the aortic arch and trying to trace back the ori- 
gin of the thrill, it was finally discovered that there 
was a large patent ductus originating proximal to 
the origin of the left common carotid artery. The 
pericardium was opened, and the dissection con- 
tinued until it was determined that this patent 
ductus apparently entered the left pulmonary 
artery just beyond its origin. In addition, just 
distal to the entrance to the ductus into the left 
pulmonary artery, there was a constriction of the 
pulmonary artery. The enlargement of the artery 
2s seen at thoracotomy outside the pericardium 
was chiefly due to the post-stenotie dilatation 
effect that is encountered in such instances 
(figure 5B). No further procedure was carried out. 
The patient had a smooth postoperative course 
and was discharged on April 10, 1959. 


Comment: The findings in this patient are 
illustrative of an abnormality not suspected 
before operation. A soft diastolic murmur had 
been heard along the left sternal border before 
operation, along with the louder systolic murmur, 
but no one had considered it at all suggestive of 
a patent ductus arteriosus. As nearly as could 
be determined at operation, the patent ductus 
supplied the left pulmonary artery primarily, 
and this was the side that was not involved by 
pulmonary tuberculosis. It might have been 
suspected from the meager literature (3-5) 
available that the high oxygen tension in the 
left pulmonary artery should have predisposed 
the tuberculous process to become established 
in the left lung rather than in the right. 
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Fia. 5. Case 4. Miss J. (70325). (A) Preoperative 
roentgenogram showing tuberculous infiltration 
in right upper lobe after chemotherapy. There is 
a large left hilar shadow which was thought to be 
due to enlarged hilar nodes. (8B) Photograph at 
operation demonstrating an enormously dilated 
left pulmonary artery (which caused the left 
hilar shadow) with a marked post-stenotie dila- 
tation. The patent ductus originated proximal to 
the left common earotid and left subclavian 
arteries. (Subelavian shown in photograph.) 


Case & Mr. J. (C.M.C.H., 56906), an 18-year-old 
male, was known to have had congenital heart 
disease since the age of five. A year and a half 
before admission to the hospital on March 1, 
1958, he had a large hemoptysis and was discovered 
to have pulmonary tuberculosis. The sputum was 
positive for tubercle bacilli, Chemotherapy was 
given, but cavities persisted in both upper lobes, 
as shown roentgenographically (figure 6). No 
cyanosis was noted and the patient had a very 
loud systolic murmur. Cardiac catheterization 
revealed a pressure of 175 systolic, 5 diastolic in 
mm. of mercury in the right ventricle, with a 
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pressure of 20 systolic, 5 diastolic in the main 
pulmonary artery. It was thought that this 
patient had pure pulmonic stenosis and pulmonary 
tuberculosis. A pulmonary valvulotomy was 
decided upon, and the patient was operated on 
on April 18, 1958. There was considerable difficulty 
in separating the lung on the left side, but bleeding 


was not excessive. 


On carrying out the transventricular pulmonary 
valvulotomy, it was recognized that some other 
abnormality was present as well, as on one attempt 
the closed valvulotome did not enter the pulmo- 
nary artery and it was suspected that there was a 
ventricular septal defect with a dextraposed aorta. 
The pulmonary valve was divided and the patient 
stood the operative procedure quite well. His 
postoperative course also seemed to be satis- 
factory in the early period, but he died quite 
suddenly approximately twenty-four hours post- 
operatively. Post-mortem examination revealed 
that this was not pure pulmonic stenosis, but was 
actually a tetralogy of Fallot with a patent ductus 
arteriosus. The cause of sudden death was proba- 
bly due to an injury of the aortic valve. Although 
the valvulotome had not been opened when the 
introduction was made that did not go into the 
pulmonary artery, apparently the closed blade 
cut one cusp of the aortic valve in going through. 
This produced a rather marked degree of aortic 


Mr. J. 
$6906 
12 Apr’s58 
Fic. 6. Case 6. Mr. J. (560906). Roentgenogram 
demonstrating bilateral tuberculous infiltrates. 
The cardiac shadow was thought to represent 
‘pure’? pulmonary stenosis. pulmonary val- 
vulotomy was done, but the patient died within 
twenty-four hours. Post-mortem examination 
revealed a tetralogy of Fallot. A laceration of one 
of the aortic cusps had resulted in aortic regurgi- 
tation. A patent ductus arteriosus was also 
present. 
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incompetence which, added to the other cireu- 
latory load he already had, was too much for him 
to survive. A marked amount of tuberculosis was 
found in both upper lobes with bilateral cavities. 
The post-mortem findings of patent ductus 
arteriosus explained the absence of cyanosis, but 
why no diastolic murmur was heard in view of the 
rather large patent ductus arteriosus is difficult 
to understand. 

Comment: The presence of an associated 
patent ductus arteriosus should have been dis- 
covered on analysis of the samples at cardiac 
‘atheterization, but it was not. Pulmonary 
tuberculosis did not contribute directly to the 
fatal cutcome in this case, unless perhaps by 
helping mask the diastolic murmur that should 
have been clicited preoperatively. Although a 
classic tetralogy of Fallot is casily recognized, 
it is not always true of some of the acyanotic 
forms. 


Case 6. Mr. G. (C.M.C.H., 43151), a 25-year-old 
male, was first admitted to this hospital on March 
2, 1957, at which time he had a history of being 
evanotic since birth, but claimed he did not have 
any real dyspnea until the age of twelve. The 
dyspnea had been increasing and, in January, 
1957, he had had his first hemoptysis. Pulmonary 
tuberculosis was not diagnosed, however, prior to 
admission. A chest roentgenogram revealed the 
lesion in the right upper lobe (figure 7). He was 
given tuberculous chemotherapy. It was decided 
that it would be best to try to control the pulmo- 
nary lesion first and defer decision regarding a 
shunt type of operation. On July 3, 1957, a right 
upper lobectomy was done (N. G.). The patient 
had a somewhat stormy postoperative course, 
with a temporary left hemiparesis which cleared 
spontaneously. He was discharged on July 26, 
1958. On readmission on October 1, 1958, the 
tuberculous lesion appeared to be well controlled. 
There was no sign of any active lesion. On October 
31, 1958, a Blalock operation was done on the left 
side (T. T.). His postoperative convalescence was 
essentially uneventful and he was discharged on 
November 21, 1958, and has since continued to be 
markedly improved. 


Comment: This patient received what is 
probably the advisable form of treatment for a 
lesion of this type; that is, after chemotherapy 
the tuberculous lesion was controlled by surgery 
and then a shunt type of operation was done on 
the contralateral side. 


Case 7. Mr. V. (C.M.C.H., 64774), a 20-year-old 
male, was admitted to the hospital on September 
26, 1958, with a complaint of cyanosis since birth 
and increasing dyspnea on exertion. He had been 
a seven-month premature baby at the time of 
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delivery. Pulmonary tuberculosis had been diag- 
nosed in 1956, and he had had a large amount of 
chemotherapy. The lesion had not been controlled, 
however, and cavities were still present in the 
left upper lobe (figure 8). The patient was very 
cyanotic and had 22 gm. of hemoglobin. After 
much discussion it was decided to go ahead with a 
left upper lobectomy and simultaneous Blalock 
operation. This procedure was carried out on 
October 20, 1958, under moderate hypothermia. 
Vascular adhesions were found, but the upper 
lobectomy was carried out without great difficulty. 
As the patient’s condition continued to be satis- 
factory, the Blalock shunt was completed. His 
postoperative course was a bit “‘stormy’’ for a 
day or two, but he soon settled down and was 
discharged on November 7, 1958. He was very 
markedly improved and has continued to do well 
since that time. 


Comment: The advantage of removing the 
tuberculous process and completing the shunt 
operation at one sitting is attractive. No doubt 
there is some added risk in increasing the mag- 
nitude of the operation, but it also decreases the 
likelihood of getting trouble from the heart 
lesion if only the pulmonary lesion is taken care 
of at the first operation. Likewise, it eliminates 
the possibility of the worsening of the tuberculous 
process if the shunt operation only is done at 
the first sitting. It is perhaps justifiable in certain 
carefully selected cases to combine the two 
operative procedures. 


DISCUSSION 


It has been stated (7) that the association of 
pulmonary tuberculosis and pulmonary valvular 
stenosis is rather common. Essentially the same 
conditions prevail in the lung in the ease of 
“pure” pulmonary stenosis and in the tetralogy 
of Fallot, so far as blood flow and oxygenation 
are concerned. If tuberculosis and “pure” 
pulmonary stenosis are frequently associated, 
the same might be expected to apply to tubereu- 
losis and the tetralogy of Fallot. The present 
writers thought that they had a case of tuber- 
culosis and “‘pure’’ pulmonary stenosis as cited 
above (Case 5), but it proved to be a case of 
tetralogy of Fallot instead. Bjork and Bagger 
(7) and also Soutter and associates (8) have 
successfully carried out pulmonary valvulotomy 
and pulmonary resection simultaneously. 

The human tubercle bacillus is an aerobe and 
grows best in an environment rich in oxygen. 
Much work has been done in attempting to 
correlate the site of predilection of tuberculosis in 
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animals and human beings on the basis of the 
oxygen tension in the blood in various parts of 
the lung. Medlar (9) conducted many experiments 
on rabbits along this line and was able to predict 
with considerable accuracy the probable site of 
infection. 

It is to be expected, therefore, that, if a 
systemic artery were to be anastomosed to a 
pulmonary artery in a patient with pulmonary 
tuberculosis in the ipsilateral lung, the increased 
oxygen tension might have a deleterious effect 
on the tuberculous process. This is what was 
found in monkeys by Hanlon (6). The surprising 
thing is that the same group (8) found that 
ligating the pulmonary artery to a lung previously 
infected with tuberculosis also produced 
rapidly progressing, cascous type of tuberculosis. 
Thus, in monkeys, whether the amount. of 
oxygenated blood was decreased or increased, 
the tuberculosis was made worse. In the control 
animals, on which only a thoracotomy was done, 
no such changes were apparent. 

On the basis of the above reports, Sloan and 
his associates (3) investigated the problem of 
tuberculosis and congenital cyanotic heart 
disease in a group of patients at the Johns 
Hopkins Hospital. They studied the first 1,000 
patients operated on by Blalock and his associates 
for congenital cyanotic heart disease and found 
there were 39 who had tuberculosis on the basis 
of clinical examination, roentgenograms of the 
chest, and tuberculin testing. In this group there 
were only 17, however, who had disease of the 
reinfection type. It seems apparent from their 
report that in only two of these was active 
tuberculosis present at the time of the shunt 
operation. One additional patient died of tuber- 
culosis before any cardiovascular operation was 
carried out. 

Because of the experimental work cited above, 
Sloan and associates tried to avoid arterialization 
of the tuberculous lesion in the two patients 
with active pulmonary tuberculosis on whom 
they operated. In one patient they divided the 
left pulmonary artery and anastomosed the 
subclavian artery to the distal end, as the site of 
the tuberculous process was in the right upper 
lobe. -The patient survived this operative proce- 
dure and was improved. But three vears later, 
he still had sputum positive for tubercle bacilli 


so a lobectomy was carried out. Extremely 


vascular adhesions were encountered between 
the tuberculous right upper lobe and the chest 
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wall; and, despite massive blood transfusions, 
the bleeding was not adequately controlled and 
the patient died ten hours after the operation. 
Their second case was a 21-year-old man with 
tuberculosis of six years’ duration who had had a 
thoracoplasty performed on the right side, but 
continued to have an open cavity and sputum 
positive for tubercle bacilli. It was decided to do 
a right pneumonectomy with an end-to-end type 
of systemic pulmonary arterial anastomosis. 
Again, great difficulty was encountered with 
very vascular adhesions, and the patient died 
four hours after the operation was completed. 

Mahoney (10) reported a 13-year-old patient 
with a tetralogy of Fallot who developed pro- 
gressive tuberculosis after a Blalock operation 
on the left side. Later, a right upper lobectomy 
was carried out with success. Basu and Das (1) 
had a 28-year-old man with tetralogy of Fallot 
and tuberculosis of the right upper lobe. After 
six months of chemotherapy, a Blalock operation 
was done on the left. 

It seems that individualization of treatment 
is necessary in patients with a combination of 
congenital cyanotic heart disease and active 
pulmonary tuberculosis. In the 10 patients of 
the present series, except for the 3 for whom 
chemotherapy was prescribed and who were 
expected to return and have not been operated on, 
the other 7, who have been operated upon, have 
all been treated differently. There are, however, 
several aspects that appear fairly clearly. First, 
if a patient is discovered with both diseases, the 
preferable method is to treat the tuberculosis 
by chemotherapy and, after it has become 
stable, to go ahead with surgical treatment of 
the heart lesion. Although each surgeon seems to 
have a special reason for using his own approach, 
it is generally true that a shunt type of operation 
can be carried out on either the right or the left 
side. It would, therefore, seem advisable, in 
view of the vascular adhesions that frequently 
are found in people with these two diseases, 
that the shunt operation be done on the side 
opposite the one that has the more extensive 
tuberculosis. 

Second, for those patients who are discovered 
to have tuberculosis only at the time of thoracot- 
omy, the local situation will have to determine 
the type of management. It would seem that to 
go ahead with an operative procedure, such as a 
vessel anastomosis, in the presence of active 
pleural tuberculosis would be hazardous and, 
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when this problem was encountered on one 
occasion, the operation was abandoned (Case 2). 
When the lesion is intrapulmonary and not 
very extensive, as it is likely to be when not 
picked up preoperatively, apparently the opera- 
tion can be done with considerable safety under 
the protection of postoperative chemotherapy 
(Case 3). 

Third, the present writers have not been 
strong advocates of pulmonary valvulotomy 
for the tetralogy of Fallot, even when a cone 
can be palpated, because it is associated so often 
with an infundibular stenosis as well. Neverthe- 
less, there may be an occasional case in which a 
valvulotomy can be done with profit because of 
the shorter operating time and the avoidance of 
freeing up a larger area of very vascular adhe- 
sions. Fourth, it is difficult to know whether it 
is better to go ahead and control the tuberculous 
lesion or to alleviate the cardiovascular anomalies 
first in instances in which the tuberculosis cannot 


be arrested by chemotherapy. The writers have — 


thought it best to control the infectious process 
first, but believe one should keep an open mind 
in regard to priority of treatment when con- 
fronted with a patient with active pulmonary 
tuberculosis and congenital cyanotic heart 
disease. 


SUMMARY 


The seanty literature on the association of 
active pulmonary tuberculosis and the tetralogy 
of Fallot has been 1eviewed. 

Up to January, 1959, a total of 173 patients 
were diagnosed in this hospital as having the 
tetralogy of Fallot or one of its variants. Of the 
173, there were 10 patients with associated active 
pulmonary tuberculosis. Treatment of patients 
with these associated lesions needs to be individ- 
ualized. After the pulmonary lesion has received 
the maximal benefit from chemotherapy, treat 
ment of the cardiac lesion can be carried out 
with an acceptable risk. When the pulmonary 
lesion needs to be treated surgically, individual 


circumstances dictate whether the pulmonary 


or cardiac lesion should be: corrected first. In 
one instance, a left upper lobectomy and simul- 
taneous Blalock operation were carried out with 


SUCCESS. 
In none of the cases has there been evidence 

of extension or reactivation of the pulmonary 

tuberculous process following a systemic pul- 


813 


monary arterial anastomosis for the tetralogy of 
Fallot. 


SUMARIO 


La Asistencia de la Tetralogia de Fallot cuando 
Esté Complicada por Tuberculosis Pulmonar 


Repdsase la escasa literatura relativa a la aso- 
ciacion de tuberculosis pulmonar activa y la tetra 
logia de Fallot. 

Hasta enero de 1959, se diagnosticé en el hospital 
de los AA. que un total de 173 enfermos tenia la 
tetralogia de Fallot o una de sus variantes. De 
los 173, hubo 10 que padecian de tuberculosis 
pulmonar activa coexistente. El tratamiento de 
los enfermos que tienen estas lesiones asociadas 
debe ser individualizado. Después que la lesion 
pulmonar ha recibido el beneficio maximo de la 
quimioterapia, puede llevarse a cabo el trata- 
miento de la lesién cardiaca con un riesgo acep- 
table. Cuando la lesién pulmonar necesita trata- 
miento quirtirgico, las circunstancias del caso 
dictan si debe rectificarse primero la lesién pulmo- 
nar o la cardiaca. En un caso, se ejecutaron con 
éxito una lobectomia superior izquierda y una 
operacion de Blalock simultdnea. 

In algunos de los casos, ha habido signos de 
difusién o reactivacién del proceso tuberculoso 
pulmonar a continuacién de una anastomosis 
arterial pulmonar sistémica para la tetralogia de 


Fallot. 


RESUME 
Conduite a tenir dans la tétrade de Fallot 
compliquée de tuberculose pulmonaire 


Les auteurs passent en revue le peu de littéra- 
ture publiée sur l’association de tuberculose 
pulmonaire active et de tétrade de Fallot. 

Jusqu’A Janvier 1959, un total de 173 malades 
recurent le diagnostic de tétrade de Fallot ou une 
de ses formes. Parmi les 173, il y eut dix malades 
porteurs d’une tuberculose pulmonaire active 
associée. Le traitement des malades avee des 
lésions associées doit étre individualisé. Aprés que 
la lésion pulmonaire a retiré le maximum de béné 
fice de la chimiothérapie, le traitement cardiaque 
peut étre envisagé comme risqué mais acceptable. 
Quand la lésion pulmonaire doit étre traitée chi- 
rurgicalement les circonstances individuelles dé- 
cident laquelle de lalésion cardiaque ou de la lésion 
pulmonaire doit étre corrigée la premiére. Dans un 
seul cas, une lobectomie du sommet gauche et 
une opération de Blalock furent pratiquées 
simultanément. 

Dans aucun des cas, il n’y eut évidence d’exten- 
sion ou de réactivation du processus tuberculeux 
aprés anastomose de |’artére pulmonaire pour 
traiter la tétrade de Fallot. 


S14 


BETTS, THOMAS 


REFERENCES 

Basu, A. K., anp Das, A.: 
heart and great vessels, Indian J. 
1956, 18, 209. 

Berrs, R. H., anp Gorinatu, N.: Problems 
and experiences in the surgical treatment 
of tetralogy of Fallot, Indian J. Surg., 
1958, 20, 207. 

R. D., Hanton, C. R., Scort, 
H. W., Jr.: Tuberculosis and congenital 
evanotic heart disease, Am. J. Med., 1954, 
16, 526. 

Scott, H. W., C. R., ann 
Ouson, B. J.: Experimental tuberculosis: 
effects of ligation of pulmonary arteries 
on tuberculosis in monkeys, J. Thoracic 
Surg., 1950, 20, 761. 

Oison, B. J., Scorr, H. W., Jr., 
C. R., anp Matrern, C. F. T.: Experi 
mental tuberculosis: ILL. Further obser- 
vations on the effects of alteration of the 
pulmonary arterial circulation on tubercu- 


Surgery of the 
Surg., 


AND 


(6) 


— 


(S 


(10) 


GOPINATH 


losis in monkeys, Am. Rev. Tuberce., 1952, 


65, 4S. 

Hanton, C. R., Scorr, H. W., Jr., AND 
Ouson, B. J.: Experimental tuberculosis: 
I. Effects of anastomosis between systemic 
and pulmonary arteries on tuberculosis in 
monkeys, Surgery, 1950, 28, 209. 

V. ©O., ANvD BaGGrerR, M.: Simul- 
taneous pulmonary valvulotomy and _ re- 
resection for pulmonary — tuberculosis, 
Surgery, 1958, 43, 391. 

SouTTER, L., SCANNELL, J. G., AND MYERs, 
(i. S.: Pneumonectomy and pulmonary 
valvulotomy in the treatment of active 
tuberculosis and pulmonary stenosis, J. 
Thoracic Surg., 1955, 30, 49. 

Kk. M.: Behavior of Pulmonary 
Tuberculous Lesions: A Pathological Study, 
Am. Rev. Tubere., 1955, 71 (Supplement). 

Manoney, EF. H.: Reported by Sloan et al. 
(3) 


(1) 

= 

= 
(33) 

(5) 


THE USE OF INTERMITTENT POSITIVE PRESSURE BREATHING IN THE 
PREVENTION OF THE CARBON DIOXIDE NARCOSIS ASSOCIATED 
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INTRODUCTION 


The treatment of advanced — ventilatory 
insufficiency, regardless of its etiology, is one of 
the more difficult and discouraging problems in 
pulmonary disease. The patient is frequently 
apprehensive and markedly dyspneic. In addition, 
cyanosis as well as hypercapnea may be present. 
In such a situation, a therapeutic paradox may 
be encountered, namely, that the administration 
of oxygen to relieve cyanosis may result in 
increased carbon dioxide retention (1-6). The 
mechanism has usually been attributed to the 
removal of the hypoxic stimulus, with a resultant 
decrease in pulmonary ventilation. This may 
markedly accelerate carbon dioxide retention 
and lead to respiratory acidosis,. coma, and 
sometimes death. Since this paradox has been 
recognized, numerous measures have — been 
advocated for its treatment. These have included 
the use of oxygen-carbon dioxide mixtures, 
abdominal belts (7), pneumoperitoneum (38), 
low flows of oxygen by nasal catheter (9), 
bronchodilators and, more recently, mechanical 
breathing devices. 

Hypercapnea is usually a manifestation of 
inadequate alveolar ventilation, even though 
minute volume may be adequate. Ideally, the 
treatment or prevention of hypercapnea is based 
on measures which promote ventilation. Among 
the mechanical measures advocated to maintain 
ventilation have been the Drinker respirator 
(10-13), the exsufflator (14), and the intermittent 
positive pressure breathing machine (7, 15-17). 
The present study was undertaken to evaluate 
further the effectiveness of intermittent positive 
pressure breathing as a means of providing 
hyperventilation in such a situation. In particu- 
lar, it was important to determine whether the 
concomitant use of intermittent positive pressure 
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breathing with oxygen could avert the effects of 
hypoventilation usually noted when the latter 
was used alone. Bronchodilators were omitted 
in order to delineate more fully the role of 
intermittent positive pressure breathing alone, 
unenhanced by the administration of aerosol 
agents. 


MATERIALS AND METHODS 


A total of 37 studies were performed upon 35 
male patients with various degrees of pulmonary 
emphysema. Twenty-seven of these patients had 
associated anthracosilicosis. The patients were 
not being actively treated for their pulmonary 
emphysema at the time of the study. The severity 
of the emphysema was gauged by measurements 
of the vital capacity, maximal breathing capacity, 
and residual volume. The vital capacity and 
maximal breathing capacity were measured with 
a 13.5-liter Collins respirometer. The functional 
residual capacity was measured in duplicate by 
the open-circuit method (18). Arterial blood was 
obtained through an indwelling Cournand needle 
placed in the brachial artery and analyzed for 
oxygen content, oxygen capacity, and carbon 
dioxide content, using the Van Slyke and Neill 
manometric apparatus. Duplicates were required 
to check within 0.20 ml. per 100 ml. for oxygen and 
within 0.40 ml. per 100 ml. for carbon dioxide. 
Arterial pH was measured at 37°C. with a Cam- 
bridge electron-ray research model pH meter. 
Carbon dioxide tensions were calculated from the 
Henderson-Hasselbalech equation. The expired 
gases were collected for analysis in a 125-liter 
Tissot gasometer. Oxygen and carbon dioxide 
contents were determined by the micro Scholander 
technique. Duplicates were required to check 
within 0.03 per cent. 

The subjects breathed through a mouthpiece 
which was attached to a three-way valve. The 
latter was then connected on one side to the 
specific gas mixture to be-used and on the other 
to a Tissot gasometer. Initially the patients 
breathed 21 per cent oxygen for twenty minutes. 
This was delivered from an analyzed tank of 
compressed air. At the end of this time ventilation 
was measured for a three-minute period and 
expired gas was collected for analysis. A sample of 
arterial blood was drawn during the second 
minute. Following this the patient was given 
100 per cent oxygen to breathe for twenty minutes. 
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PREVENTION OF CARBON 


The ventilation was measured and arterial blood 
was collected at the end of the period. One hundred 
per cent oxygen was continued as the inspiratory 
gas, but was administered by intermittent positive 
pressure breathing*® for the final twenty-minute 
period. The ventilation was again measured and 
arterial blood was collected and analyzed in the 
same fashion. Every effort was made to maintain 
a steady state during each breathing period. 
Rarely did an increase in ventilation associated 
with the drawing of arterial blood occur. This 
accounts for the occasional slight discrepancy 
between ventilation and arterial pressure of 
carbon dioxide (pCO2) values. These were small 
and had no effect upon the average values. 


RESULTS 


The results for the entire group are tabulated 
and averaged in table 1. It may be seen that the 
administration of 100 per cent oxygen was 
accompanied by a decrease in ventilation, tidal 
volume, and carbon dioxide excretion. In contrast 
to this, when 100 per cent oxygen was given by 
intermittent positive pressure breathing, ventila- 
tion was markedly increased, and resulted in a 
significant increase in carbon dioxide excretion. 

The effectiveness of intermittent positive 
pressure breathing in preventing hypercapne: 
may be seen in the average values of the arterial 
pCO, for the entire group of patients following 
the administration of 100 per cent oxygen, and 
then 100 per cent oxygen and _ intermittent 
positive pressure breathing. The average pCO: 
initially had been 51.4 mm. of mercury and rose 
to 57.6 mm. of mercury with oxygen breathing. 
As a result of the increased ventilation and 
carbon dioxide excretion with intermittent 
positive pressure breathing, the average pCO, 
fell to 39.2 mm. of mercury. Not only did the 
pCOz fall, but it fell below the control value in 
all but 2 patients. 

For purposes of 
divided into groups according to the severity of 
their disease. One grouping was based on the 
initial level of the arterial pCOs. Group 1 repre- 
sents those patients with an original pCO, 
below 45 mm. of mercury. Group 2 is composed 
of patients with an arterial pCO, from 45-60 
mm. of mercury, and Group 3 represents those 
patients whose original arterial pCO. was more 
than 60 mm. of mercury. 

A decrease in total ventilation was observed 
in all three groups when 100 per cent oxygen was 


analvsis, the subjects were 


’ Bennett Pressure Breathing Therapy Unit, 
Model TV-2P. 


DIOXIDE NARCOSIS S17 
administered. This was caused primarily by a 
decreased tidal volume’ which significantly 
affected the alveolar ventilation and resulted in a 
diminution of carbon dioxide excretion. These 
results are graphically illustrated in figure 1A. 
Since the patients were in a basal state and there 
was no essential alteration in oxygen consump- 
tion, variations in carbon dioxide excretion 
reflect changes in alveolar ventilation rather 
than an altered state of metabolism. The initial 
values for ventilation, tidal volume, and carbon 
dioxide excretion were lower the more severe the 


patients’ disease. The decrease in these param- 


eters following oxygen breathing was similarly 
related to the severity of the emphysema. The 
significance of this decrement became even more 
evident when percentages rather than absolute 
values were plotted. In Group 1 the average 


decrease represented 2, 5, and 8 per cent of the 
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ventilatory changes following 100 per cent oxygen 
and then 100 per cent oxygen and intermittent 
positive pressure breathing. B. Average changes 
in arterial pCO, and pH. : 
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original minute volume, tidal volume, and carbon 
dioxide excretion, respectively. In Group 2 
comparable declines were 5, 6, and 6 per cent, 
and in Group 3 they were 25, 15, and 16 per cent. 
Thus, patients in Group 3 with the most severe 
disease had the most significant decreases in 
ventilation, and these were superimposed on 
values for ventilation which were already 
inadequate. 

These changes in ventilation were reflected in 
the arterial blood. There was an elevation of the 
pCO. in each group and a more acidotic pH 
(figure 18). The most marked increase, as ex- 
pected, occurred in Group 3, the pCO» going from 
74.1 mm. to 88.9 mm. of mercury. This was ac- 
companied by a significant pH. shift. 

Utilizing the same parameters, the average 
changes following the addition of intermittent 
positive pressure breathing can be summarized. 
There was a significant increase in minute volume, 
tidal volume, and carbon dioxide excretion when 
intermittent positive breathing was 
used. The most marked changes occurred in 
Group 1 and the least marked in Group 3 (figure 
1A). Here again, it may be seen that the severity 
of the underlying disease predetermines to some 
extent the degree of ventilatory increase which 
might be expected. Patients with the least severe 
emphysema were able to increase their ventilation 
markedly while those with more disease increased 
theirs to a lesser extent. Despite this, all of the 
patients in the more advanced group did actually 
increase their ventilation. The average increase 
in minute volume was 26 per cent in this group 
as compared with increments of 30 and 63. per 
cent in patients with less advanced disease and 
was accompanied by a marked increase in tidal 
volume (59 per cent) and a 23 per cent increase 
in carbon dioxide excretion. 

The significance of this was clearly seen when 


pressure 


the effects upon the arterial pCO. and pH were 


analyzed. There was a marked fall in the pCO. 
in all groups and a concomitant rise in pH. 
Although the percentile change in pCO. was 
similar in all three groups (39, 33, and 32 per 
cent, respectively), its importance is accentuated 
in Group 3, in which acidosis was most severe. 
In this group the pCO, dropped from 88.9 to 
60.9 mm. of mercury. The increase in minute 
volume and tidal volume in this group resulted 
in improved alveolar ventilation and carbon 
dioxide excretion and caused a major drop in 
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Fic. 2, Patients grouped by maximal breathing 
capacity. A. Average ventilatory changes fol- 
lowing 100 per cent oxygen and then 100 per cent 
oxygen and intermittent positive pressure 
breathing. B. Average changes in arterial pCO» 
and pH. 


In order to correlate more fully the ventilatory 
response with the severity of the disease, the 
patients were grouped, first, according to their 
ventilatory ability (maximal breathing capacity) 
(figure 2A, B) and, second, according to the 
magnitude of the residual volume to total 
capacity ratio (figure 3A, B). Regardless of 
which parameter was used, essentially the same 
correlation was noted. Those patients with the 
severest ventilatory impairment had the most 
significant decrease in ventilation, and resultant 
hypercapnea followed the administration — of 
100 per cent oxvgen. The degree of hyperventila- 
tion achieved by intermittent positive pressure 
breathing was also a reflection of the severity 
of the patients’ emphysema. In all groups, 
however, the pCO. was markedly decreased as a 
result of the increased carbon dioxide excretion. 
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Fig. 3. Patients grouped by residual volume/ 
total lung capacity. A. Average ventilatory 
changes following 100 per cent oxygen and then 
100 per cent oxygen and intermittent positive 
pressure breathing. B. Average changes in arterial 
pCO, and pH. | 


DISCUSSION 


The effect of 100 per cent oxygen breathing in 
depressing ventilation in emphysematous patients 
with carbon dioxide retention has been observed 
for some years (1-6). 

The elevated carbon dioxide levels in this 
group of patients are a reflection of inadequate 
alveolar ventilation. This may be present despite 
a normal or above normal minute volume of 
ventilation. Further depression of ventilation, 
no matter how produced, usually results in 
increased hypercapnea. This may be due to 
increased bronchospasm, oversedation, —pul- 
monary infection, atelectasis, or the injudicious 
use of oxygen. 

Both inspired carbon dioxide and hypoxia act 
as stimuli to respiration in the normal patient. 
In the normal person, carbon dioxide is quite a 
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potent stimulus. The emphysematous patient 
with hypercapnea, however, no longer exhibits a 


normal ventilatory response to increased carbon | 


dioxide (19-22). This may be due to a depression 
of the responsiveness of the respiratory center to 
the stimulus of an increased pCOs. It also may 
be due in part to the significant decrease in the 
patient’s ventilatory capacity. This patient then 
is more dependent upon the effect of hypoxia 
upon aortic and carotid chemoreceptors acting 
to maintain the ventilatory drive. As the degree 
of hypoxia may be quite marked, this becomes a 
potent. effect. Correction of the anoxemia by 
the administration of 100 per cent oxygen 
removes this stimulus. The result may be a 
further decrease in an already inadequate 
ventilation. 

Since the paradoxical response of the eyanotic 
emphysematous patient to 100 per cent oxygen 
has been described, a number of measures have 
been employed to prevent it. Barach (9) believes 
that patients can become adapted to high oxygen 
tensions if the gas is administered in a stepwise 
fashion. He has advocated the introduction of 
intranasal oxygen at flow rates of 1 liter per 
minute, with continuation if there is no evident 
depression of the sensorium. Even when the 
oxygen is administered in this fashion, some 
patients have become comatose (17, 23). Al- 
though the anoxemia may be successfully cor- 
rected in this manner, little has been done to 
treat the hypercapnea. It is hoped to maintain 
the patient until other therapeutic measures, 
such as bronchodilators, antimicrobial drugs, 
and proper tracheal toilet will improve his 
condition. 

Some measures have been directed at increasing 
the responsiveness of the respiratory center. The 
employment of oxygen-carbon dioxide mixtures 
(24) to accomplish this has been demonstrated 
to be ineffective and very dangerous (15). The 
use of chemical agents such as salicylates (25) 
and pentylenetetrazol (Metrazol®) (26) to stimu- 
late ventilation has also been unsatisfactory in 
this group of patients. , 

One method of mechanical hyperventilation 
that has been employed successfully is the 
Drinker respirator. The maintenance of ventila- 
tion has permitted the simultaneous use of 100 
per cent oxygen. In some instances in which 
there has been asynchronism between the 
patients’ respiratory rate and the rate of the 


| 
| 
| 
| 
750 | 
740 | 
oH | 3 
130 | | RVZ TC 
| | 
| 50 60 
> 
60 | 
‘oh 


$20 


respirator, adequate ventilation has not been 
achieved. It has been suggested that further 
depression of the respiratory center by opiates 
may allow the respirator to more effectively 
ventilate the patient (17). Cherniak (14) believed 
that more adequate ventilation could be attained 
by the exsufflator than with the respirator. The 
use of intermittent positive pressure breathing 
to hyperventilate these patients mechanically 
has been recommended (15) and successfully used 
in a number of cases (16, 17). It was believed 
that with intermittent positive pressure breathing 
it might be possible to administer 100 per cent 
oxygen without the decrease in ventilation which 
might otherwise occur. Of equal importance, the 
increased ventilation allowed a direct approach 
to the twin evils of hypoxia and hypercapnea. 

Some writers have not shared this optimistic 
appraisal of the role of intermittent positive 
pressure breathing in the treatment of respiratory 
acidosis and narcosis. Cullen (23) stated that, 
even though hyperventilation could be attained 
with intermittent positive pressure breathing in 
many patients, it was not an effective mode of 
therapy. He believed its chief effect was as a 
means of administering bronchodilators and that 
any clinical improvement noted was attributable 
to this. The present study was undertaken to 
evaluate objectively how effectively and safely 
intermittent positive pressure breathing could be 
employed with 100 per cent oxygen in this 
clinical situation. In order not to cloud the issue, 
it was emploved without the use of a broncho- 
dilator. 

As was expected, those patients with the 
least disease, as noted by any of the parameters 
able to be hyperventilated 
more effectively. Despite this, a significant 
increase in ventilation was achieved in even 
those patients with marked emphysema, whether 
this was judged by the maximal breathing capac- 
ity, arterial pressure of carbon dioxide, or residual 
volume ‘total lung capacity. Seventeen of 21 
patients showed an increased volume of ventila- 
tion with intermittent positive pressure breathing 
over control values. Of further significance, 19 
of 21 patients increased their minute volume 
when switched from 100 per cent oxygen to 
intermittent positive pressure breathing and 
100 per cent oxygen. These changes were accom- 
panied in most instances by a significant increase 
in tidal volume. What is most important clini- 
eally, of course, is that all but one of 37 patients 


measured, were 
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showed a decrease in pCO, when intermittent 
positive pressure breathing was added to the 
100 per cent oxygen. In addition, in only 2 
patients was the final level of the pCO, higher 
than the pCO. measured with the patient breath- 
ing ambient air. This demonstrated conclusively 
that oxygen could be administered safely by 
intermittent positive pressure breathing to these 
emphysematous patients. Not only was further 
hypercapnea prevented, but that already present 
was effectively treated without the addition of 
bronchodilators and other therapeutic measures. 
This was evident even in those patients with a 
pCO, over 60 mm. of mercury or a maximal 
breathing capacity below 35 per cent, despite 
the belief of Cullen (23) that intermittent 
positive pressure breathing is frequently ineffec- 
tive in this group. 

Thus it appears that intermittent positive 
pressure breathing, even when used with 100 per 
cent oxygen, plays a role in the reduction of 
hypercapnea in patients with respiratory acidosis. 
This role is independent of the use of broncho- 
dilators, antimicrobial drugs, tracheotomy, and 
other therapeutic measures. In actual clinical 
practice when all of the additional measures 
will be utilized, intermittent positive pressure 
breathing has an additive value and is not 
merely a temporizing feature as is the use of 
slow flows of oxygen by nasal catheter. 


SUMMARY 


_. Thirty-five patients were studied to evaluate 
the role of intermittent positive pressure breath- 
ing in preventing the increasing hypercapnea 
associated with 100 per cent oxygen breathing 
in emphysematous patients. 

The breathing of 100 per cent oxygen produced 
a decrease in ventilation accompanied by an 
increase in arterial pressure of carbon dioxide 
(pCO.). When the 100 per cent oxygen was 
administered by intermittent positive pressure 


breathing, there was a marked increase in 
ventilation associated with a sharp reduction in 
pCOs. 


The use of intermittent positive pressure 
breathing to administer 100 per cent oxygen 
prevented the rising hypercapnea usually found 
in these patients when 100 per cent oxygen was 
administered alone. In all but 2 patients, increas- 
ing hypercapnea was not only prevented by the 
use of intermittent positive pressure breathing, 
but that already present was reduced. The 
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results obtained with intermittent positive 
pressure breathing were independent of its role 
as a vehicle for the administration of broncho- 
dilators. 


SUMARIO 


El Uso de la Respiracién a Presién Positiva 
Intermitente en la Prevencion de la Narcosis 
por Bidxido de Carbono Asociada con la 
Oxigenoterapia 


Se estudiéd a 35 enfermos para justipreciar el 
papel de la respiracién a presién positiva intermi- 
tente en la prevencién de la hipercapnea creciente 
asociada con respiracién de oxigeno al 100 por 
ciento en los enfisematosos. 

La respiracién de oxigeno al 100 por ciento 
produjo una disminucién de la_ ventilacién, 
acompanhada de aumento de tensi6n arterial 
del biéxido de carbono (pCO,). Cuado se adminis- 
tré oxigeno al 100 por ciento con la respiracién de 
presién positiva intermitente, hubo un notable 
aumento de la ventilacién asociado con 
reduccién aguda del pCOs. 

El uso de la respiraciOn a presién positiva inter- 
mitente para administrar oxigeno al 100 por 
ciento impidié la hipercapnea creciente observada 
habitualmente en estos enfermos al administrar 
oxigeno al 100 por ciento por si solo. En todos los 
enfermos menos 2, no tan s6lo se impidi6 la hiper- 
‘apnea creciente con el uso de la respiracién a 
presién positiva intermitente, sino que se rebajé la 
que ya existia. Los resultados obtenidos con la 
respiraciOn a presidn positiva intermitente son 
independientes de su papel como vehiculo para la 
administracién de vasodilatadores. 


RESUME 


Emploi de la respiration intermittente sous 
pression positive dans la prévention de 
effet narcotique du di-oxryde de carbone 

associé au traitement par Voxygene 


Trente cing malades furent étudiés pour évaluer 
le réle de la respiration sous pression positive 
dans la prévention de l’hypercapnée qui se produit 
lorsqu’on y associe 100°. d’oxygéne chez les ma- 
lades emphysémateux. 

La respiration de 100°, d’oxygéne produit une 
diminution de la ventilation ainsi qu’une augmen- 
tation de la pression artérielle du gaz carbonique 
(pCO,). Lorsqu’on administra 100° d’oxygéne 
d’une fagon intermittente sous pression positive, 
il se produisit une augmentation marquée de la 
ventilation, associée A une réduction notable de 
pCOrs. 

L’emploi de la respiration intermittente sous 
pression positive pour donner 100°, d’oxygéne 


una 


prévint l’augmentation de |’ hypercapnée habituel- 
lement trouvée chez ces malades, quand on leur 
donne seulement 100% d’oxygéne. Chez tous les 
malades, sauf deux, l’augmentation de l’hyper- 
capnée ne fut pas seulement prévenue par | inha- 
lation intermittente positive, mais il y eut aussi 
une réduction de l’hypercapnée présente. Les 
résultats obtenus par |]’inhalation intermittente 
sous pression positive furent indépendants de son 
role de véhicule dans |’administration de broncho- 
dilatateurs. 
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THE EFFECT OF HELIUM AND OXYGEN MIXTURES ON PULMONARY 
RESISTANCES IN EMPHYSEMA! 


BIRGER GRAPE,’ ELIHU CHANNIN, anp JOHN M. TYLER 


(Received for publication October 28, 1959) 


INTRODUCTION 


Helium is considerably less dense than air, 
and this property has led to the belief that a 
mixture of SO per cent helium and 20 per cent 
oxygen would increase the case of gas flow 
within the lungs. Therefore, this mixture has 
been advocated for use as inspired gas in the 
treatment of patients with obstructive disease 
of the lungs. In 1934, Barach (1) reported symp- 
tomatic improvement in asthmatic subjects 
breathing helium and oxygen. He subsequently 
demonstrated (2) that this mixture decreased 
the resistance to the flow of gas through a con- 
stricting orifice placed at the mouth, and he 
believed that this explained the improvement 
found in his patients. More recent investigation 
on the effect of gas mixtures such as this have 
been limited to studies of the flow resistance of 
the lungs of experimental animals, normal sub- 
jects, and a few patients with asthma (3-5). 
There have been no measurements of its effect 
on the resistance to gas flow in patients with 
severe emphysema; accordingly, an investigation 
has been made of the effect of SO per cent helium 
and 20 per cent oxygen on pulmonary resistance 
and compliance in 10 patients with severe ob- 
structive disease of the lungs. 


MerTHODS 


The patients selected had emphysema diag- 
nosed on the basis of typical history, physical and 
laboratory examination, and pulmonary function 
studies. They were all studied after they had 
been in the hospital for at least two weeks and 
were receiving intensive therapy, including 
bronchodilators, during this period. In spite of 
this therapy, they all had persistence of symp- 
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toms, particularly dyspnea. Vital capacity with 
its one- and two-second fractions and maximal 
breathing capacity were obtained by use of a 
Collins respirometer. Total lung capacity, with 
its subdivisions, was estimated by a_ closed- 
circuit helium technique as described by Gilson 
and Hugh-Jones (6). Duplicate studies agree 
within 10 per cent. 

The closed-circuit breathing apparatus used is 
illustrated in figure 1. The seated patient breathed 
through a pneumotachograph and the flow re- 
cording was used to indicate the point of zero 
flow. Tidal volume was obtained both graphically 
from the spirometer and electrically from a 
potentiometer attached to the spirometer wheel. 
The compliance was then estimated from end- 
inspiratory and end-expiratory pressure at these 
zero flow points and the volume change. 

A 15-cem. esophageal balloon-catheter was used 
to obtain an approximate intrapleural pressure, . 
as used by Mead and his associates (7). A low | 
internal volume, minimal displacement differ- 
ential transducer! was used for the pressure 
determination, and all recordings were made with 
a recording oscillograph.’ The patient’s oxygen 
consumption was balanced by adding oxygen 
so as to keep the apparatus volume constant. 
Total resistances were calculated by the method 
of Frank and co-workers (8), using a mean flow 
and mean pressure. Inspiratory and expiratory 
resistances were calculated. by obtaining the flow 
rate from a tangent drawn to the volume curve at 
approximately midvolume; then, assuming that 
the relationship of the volume change to the 
pressure necessary to overcome elastic forces was 
linear, pressure in excess of this was used to 
overcome resistance. In addition, resting end- 
tidal transpulmonary pressures were obtained by 
clamping the tube between the pneumotachograph 
and the closed-circuit apparatus after the patient 
had completed a quiet expiration. Maximal static 
transpulmonary pressures were obtained at the 
peak of inspiration. Statice compliance was de- 
termined by stepwise interruption of a maximal 
inspiration, interruption being obtained’ by 
clamping the tube leading from the phneumo- 
tachograph to the closed-circuit apparatus. The 
compliance was then estimated as the slope of the 
line in the tidal range, as obtained by plotting 
the transpulmonary pressure at each volume 


‘Sanborn Model 267 B Pressure Transducer, 
Sanborn Company, Waltham, Massachusetts. 

Sanborn Polvviso, Sanborn Company, Wal- 
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Fig. 1. Diagram of the closed circuit apparatus employed. 
step. Measurements of dynamic compliance, TABLE 1 


inspiratory, expiratory, and total pulmonary 
resistances were made at a normal breathing rate 
and again at approximately twice this rate. All 
measurements were then repeated after equili- 
bration with SO per cent helium and 20 per cent 
oxygen for fifteen minutes. 


RESULTS 


Clinical information on the patients studied 
is provided in table 1. The measurements of 
vital capacity and the timed fractions, the maxi- 
mal breathing capacity, and the total lung 
capacity with its subdivisions obtained in the 10 
patients are given in table 2. The observations 
of the change produced by helium and oxygen 
in the functional residual capacity at the two 
respiratory rates, transpulmonary pressures, and 
static compliance are given in table 3. The 
alteration in dynamic compliance produced by 
the helium mixture is given in table 4. 

The pulmonary resistances obtained with 
air and the percentage of change produced by 
helium and oxygen are given in table 5. There 
was a decrease of 22.0 + 2.8 per cent (+1 
standard error) from the values obtained with 
air in the total resistance during slow breathing, 
and 17.8 + 5.2 per cent during rapid breathing. 
Changes in inspiratory resistances showed a fall 
of 24.7 + 4.2 per cent on slow breathing, and 
24.3 + 4.3 per cent on rapid breathing. Expira- 
tory resistances showed a 20 + 3.6 per cent 
drop during slow breathing, and a 6.5 + 9.4 


per cent drop during rapid breathing. Except 


for expiratory resistance at rapid respiratory 
rates, all of these changes are significant. 

The difference in dynamic compliance be- 
tween values obtained with air and the helium- 
oxygen mixture was +0.002 + 0.03 L. per em. 


CLINICAL INFORMATION ON PATIENTS 


STUDIED 
Patient Sex Age Height | Weight Body Sur- 

cm. | lbs. sq. meters 

F 63 is 1.35 

2 M | 82 | 173 | 139 1.74 

4 M | 5 | 161 | 105 1.47 

5 83 | #4120 1.70 

6 M 60 | 1.65 

7 M | 73 | 162 | 1291; 1.61 

& F 4] 162 | 139 1.66 

q | M 55 1.94 

10 M 42 iso | 124 Fee 
of water during slow breathing and —0.009 + 


0.06 L. per em. of water during the rapid rate. 

All of the patients except No. 6 showed the 
expected fall in dynamic compliance with rapid 
respiratory rates. No explanation could be found 
for the increase in compliance shown by this 
patient. 

The change produced by helium-oxygen in 
end-expiratory pressure and maximal static 
transpulmonary pressure was —0.7 + 1.1 ecm. 
of water, and. —0.15 + 0.5 cm. of water, respec- 
tively. | 

The change in functional residual capacity 
produced by helium was —0.12 + 0.08 L. at 
the slow rate, and —0.10 + 0.05 L. at the rapid 
rate. The increase in functional residual capacity 
during air breathing brought about by the rapid 
respiratory rate was +0.53 + 0.05 L., and during 
helium breathing it was +0.48 + 0.06 L. The 
changes in compliance, static transpulmonary 
pressures, and functional residual capacity 


due to helium and oxygen are not statistically 
significant. 


HELIUM AND OXYGEN IN EMPHYSEMA 


TABLE 2 
RovuTINE VENTILOMETRY AND LUNG VOLUME MEASUREMENTS 


w 


| 


Vital Capacity (Liters) MBC* | 
Patient | : Per Cent of Total | | | 7a | FRCt | RV$ RV/TLC} 
Total Predicted | Liters | Predicted | | 
Second | 2 Seconds | 3 Seconds 
1 1.17 “| 86 | oe 5.96 | 5.13 | 4.98 
3 1.80 | 49 57 | 2 6.74 
4 41 | 8.16 | 7.08 5.76 
5 2.25 99 | & 48 60 ak Ce 7.52 | 6.15 | 4.22 
7 1.32 oO | a 45 59 , | | 6.30 | 5.63 | 5.18 
9 5 | | | 5.20 | 3.75 | 
10 Sf | @ = 7.29 6.01 4.99 | 
* MBC—maximal breathing capacity. 
+ TLC—total lung capacity. 
t FRC—functional residual capacity. 
§ RV—residual volume. 
| RV/TLC—residual volume/total lung capacity. 
© Unable to perform test. 
TABLE 3 


CHANGES IN FUNCTIONAL REstpUAL Capacity, TRANSPULMONARY PRESSURES, AND 


FRC* (L.) Slow | FRC* (L.) Rapid | 


Stratic COMPLIANCE 


Static Transpulmonary Pressure 


Change in FRC* | End Expiratory Maximal Inspir- 


: | | | Static Com- 
Patient | | -) from Slow | ressure atory Pressure pliance 
Air . He-Ost | Air | He-Ost to Rapid | cm. HO cm. L./cm. HO 
| Air | He-Ost| Air | He-Ost | Air | Air He-Ost 
1 =| 5.08 | | 5.43 | 0.35 | —5.1 | +6.2 | 0.080 
It | 5.13) —0.07 | 5.50) —0.04| 0.37/| 0.40} —0.5| —0.2| —0.5| 0.120! 0.000 
2 7.00 | +0.03 8.87 +0.19| 1.87 | 2.03 —4.9 | —1.2/ 12.9 | —3.9 | 0.258 0.149 
3 7.80) 0.00 8.30 —0.10 0.50) 0.43 | | | 
4 7.03 —0.80 | 7.63 | —0.34 0.60) 0.34) —3.4 -1.9| 8.1 | —3.2 | 0.268 0.102 
5 6.15 | +0.15 6.57! 0.00 0.42) 0.27) —5.1 | +1.0 | 20.0 | —4.0 | 0.098 —0.003 
6 | 6.17| +0.07 | 6.55| —0.10| 0.38| 0.21| —3.7| +2.3| 10.7| +1.4| 0.148, 0.011 
7 —0.13 | | | | | 
8 —0.08 | 3-10 | —0.14 0.00 |—0.06  —1.5 | —3.4 16.8 | +8.2/| 0.108 0.014 
9 5.20 | —0.13 | 5.70 | —0.18| 0.50| 0.45 | —6.4 | —4.3 | 11.7 | —1.2| 0.185| 0.085 
10 | 6.21 | —0.20| 6.54 | —0.21| 0.33} 0.32} 14.7| +2.0] 0.112) 0.006 
| | | 
Mean..... .| —0.12 | -0.10} 0.53 | 0.48 | | -0.17 | —0.15 +0.039 
+18.E.§. .| +0.08  =+0.05 +0.05 +0.06— li. +0.5 +0.20 
>0.15 = 0.08;  |>0.90 | >0.80 >0.70 >0.09 
| <0.19 | | | <0.11 


| 


| <0.90 <0.80 


* FRC—functional residual capacity. 
+ Difference from air value produced by 80 per cent helium and 20 per cent oxygen. 
t Patient studied twice. 


§ S.E.—standard error. 
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TABLE 4 
CHANGES IN Dy¥NAaMIC COMPLIANCE | 
Propucep BY HELIUM AND 
(OXYGEN 
Compliance Compliance 
Slow Respiratory Rapid Respiratory 
ate ate 
Patient L.jom. HO L./com. 
Air He-O2* Air He-O.* 
0.124 —0.030 0.055 +0.030 
17 0.099 0.000 0.048 +0.005 
2 0.291 +0.069 0.136 —0.040 
0.154 +0.005 0.067 +0.17 
0.147 +0.009 0.119 —0.002 
5 0.067 +0.011 0.035 —0.001 
0.194 —(.023 0.337 —0.172 
7 0.142 —0.021 | 0.055 +0.032 
0.095 +0.006 0.110 —0.006 
0.121 —0.022 0.084 +0.008 
10 0.119 +0.023 0.067 +0.030 
Mean +0. 002 —(). 009 
+1S8.h.f +0.03 +0.06 
<O0.90 
<0.90 


* Difference from air value produced by SO per 
cent helium and 20 per cent oxygen. 

t Patient studied twice. 

error. 


The changes in resistance are also shown in 
figures 2 to 4. Each point represents a paired 
observation in the same patient, one on helium 
and one on air. The 45° line, therefore, represents 
the position at which the point would fall if the 
gas mixture produced no change. Thus, if a 
decrease in resistance was obtained when the 
subject breathed helium and oxygen, the paired 
value would be above the 45° line. In all instances, 
except the expiratory resistance during rapid 
breathing rates, the helium mixture caused a 
decrease in resistance. 


DIscUSSION 


Although it is widely known that the relative 
density of helium in relation to air is quite low 
(0.16), it is not generally appreciated that its 
relative viscosity is more than that of air (1.08). 
Theoretical analysis of the changes to be ex- 
pected from the use of a gas which is less dense 
but slightly more viscous than air is a compli- 
cated problem. 

In 1915, Rohrer (9) proposed the equation, 
P = K,V + K.V? when V is the rate of gas 
flow, P is the resistive pressure drop, and K, 
and K, are constants. The expression K,V 
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relates to the pressure necessary to overcome 
resistance to laminar flow, and the constant 
K, includes the effect of geometry of the respira- 
tory tract and the viscosity of the gas. K.V?2 
accounts for the pressure drop due to turbulent 
flow and varies with the gas density and the 
bend geometry of the system. Mellroy and his 
associates (5) have pointed out that, since helium 
is slightly more viscous and considerably less 
dense than air, one would therefore expect a 
small rise in the resistance to laminar flow and a 
considerable drop in the resistance to turbulent 
flow. But, as is discussed by these writers, the 
situation is more complicated. The proportion 
of laminar to turbulent flow must be the same 
for each gas mixture if changes in laminar and 
turbulent resistances are to be estimated solely 
on the basis of viscosity and density differences 
between these mixtures. This proportion of 
laminar to turbulent flow is related to the ratio 
of the viscosity to the density, 1.e., the kinematic 
viscosity. Since helium has a kinematic viscosity 
of 6.75, it would markedly alter the proportion 
of laminar to turbulent flow, and the over-all 
influence of breathing this gas would be impos- 


sible to predict on theoretical grounds without 


detailed information as to the geometry of the 
air passages. 

In 1941, Dean and Visscher (3) were unable 
to show a drop in pulmonary resistance in the 
experimental animal when helium sub- 
stituted for air as the inspired gas. However, 
as has been pointed out by Mellroy and _ col- 
leagues (5), it is probable that the method they 
used measured the effects of hysteresis due to 
surface tension, which may have accounted for a 
large part of what they measured as flow resist- 
ance. 

Using different techniques, Otis and Bembower 
(4) studied the effects of SO per cent helium 
and 20 per cent oxygen in twenty normal subjects, 
and Mellroy and co-workers (5) studied the 
effects of this gas in two normal subjects and 
two patients with asthma. Both groups found 
decreases of 20 to 35 per cent in resistance in 
the subjects studied. Thus, there is evidence 
that helium and oxygen lower pulmonary re- 
sistance in normal subjects and in asthmatic pa- 
tients. However, Schiller and his associates 
(10), using changes in the timed vital capacity 
as an index of improvement severely ill 
asthmatic patients, were unable to find any 
change produced by helium and oxygen. In a 
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Fig. 2. (Top left). Changes in total resistance during normal respiratory rates produced by the 80 
per cent helium and 20 per cent oxygen mixture. The total resistance while breathing air is plotted 
against that while breathing 80 per cent helium and 20 per cent oxygen in each subject. Values above 
the 45° line represent decreases in total resistance due to 80 per cent helium and 20 per cent oxygen. 

Fig. 3. (Top right). Changes in inspiratory resistance during normal respiratory rates produced by 
SO per cent helium and 20 per cent oxygen. The values are plotted in the same manner as in figure 2. 


Fic. 4. 


(Bottom). Changes in expiratory resistance produced by 80 per cent helium and 20 per cent 


oxygen. Values are plotted in the same manner as in figure 2. 


<—resistance during normal respiratory rates. 


O—resistance during rapid respiratory rates. 


few less disabled patients, slightly larger values 
were obtained with the helium and oxygen mix- 
ture. The present finding that the expiratory 
resistance during rapid respiratory rates was not 
significantly decreased would tend to support 
the findings of Schiller. 

In interpreting the changes caused by _ in- 
spired gases which differ from air, it is important 
to make comparisons between them at the same 
lung volume, since changes in functional residual 
capacity are known to alter both resistance to 
gas flow (11) and dynamic compliance (12). 
In the present study there was no significant 
change in functional residual capacity, so the 
decrease in resistance can be ascribed to the 
characteristic density and viscosity of the helium 
and oxygen mixture. 

Although only a limited number of measure- 
ments was made, it is not surprising that no 


change in the static compliance or in the end- 
tidal transpulmonary pressure produced 
by the helium-oxygen mixture, since the func- 
tional residual capacity did not change and 
helium by itself would not be expected to alter 
lung tissue or surface tension within the lungs. 
In emphysema, increasing the respiratory rate 
probably alters the distribution of inspired gas 
so that more of the tidal volume enters low 
resistance pathways, causing a change in dy- 
namic compliance (13). Since helium, with its 
kinematic viscosity greater than air, would be 
expected to alter distribution of inspired gas, 
it might be anticipated that the decrease in 
dynamic compliance produced by the rapid 
rate would not be the same with air as it is with 
helium and oxygen. In the present study no - 
difference was found, but the method might not 
have been sufficiently sensitive to determine 
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whether helium could cause the same degree of 
alteration in distribution at each respiratory 
rate. 

Although it is believed that the decline in pul- 
monary resistances produced by helium and 
oxygen is therapeutically effective in the short- 
term treatment of severe emphysema, it must 
be stressed that no measurements of arterial 
carbon dioxide tension, oxygen consumption, 
or carbon dioxide production were made to per- 
mit estimation of whether ventilation was more 
effective. 


SUMMARY 


It has been shown that, when subjects with 
severe emphysema breathed a mixture of 80 
per cent helium and 20 per cent oxygen, there 
was no change in static or dynamic compliance 
of the lungs, functional residual capacity, or 
static transpulmonary pressures. There were 
significant decreases in pulmonary resistance 
during normal breathing which amounted to 
approximately 20 per cent of the value obtained 
with air. It is believed that this change in re- 
sistance is therapeutically significant in the 
short-term treatment of patients with severe 
obstructive disease of the lungs. 


SUMARIO 


El Efecto de las Mezclas de Helio y Oxigeno sobre la 
Resistencia Pulmonar al Enfisema 


Queda demostrado que, cuando los sujetos que 
tenian enfisema grave respiraban una mezcla de 
80 por ciento de helio y 20 por ciento de oxfgeno, 
no habia alteracién de la subordinaci6én estatica o 
dindmica de los pulmones, la capacidad residual 
funcional o las presiones transpulmonares estdti- 
cas. Hubo disminuciones importantes de la resis- 
tencia pulmonar durante la respiracién normal, 
que representaban aproximadamente 20 por 
ciento del valor obtenido con el aire. Parece que 
esta modificacién de la resistencia es terapéutica- 
mente importante en el tratamiento a breve plazo 
de los sujetos que padecen de grave enfermedad 
oclusiva de los pulmones. 


RESUME 


L’effet du mélange helium-orygene sur les 
résistances pulmonaires dans 
Vemphyseme 


On a montré que, lorsque des sujets ayant un 
emphyséeme grave respirent un mélange de 80°; 
d’helium et 20°% d’oxygéne, il n’y avait pas de 
changement dans |’extensibilité statique ou 
dynamique des poumons, ni dans la capacité 


fonctionnelle résiduelle ou dans les pressions 
statiques transpulmonaires. I] se produisit dans 
la résistance pulmonaire, pendant la respiration 
normale, des diminutions notables qui atteignirent 
& peu pres 20% de la valeur obtenue avee de l’air. 
On croit que ce changement de résistance a une 
signification thérapeutique dans le traitement a 
court terme de malades ayant une forme sévére 
d’obstruction pulmonaire. 
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INTRODUCTION 

During the past decade there have been 
numerous studies to determine the physiologic 
changes which are induced by thoracic surgery. 
However, little is known of the effects of opera- 
tive procedures on the pulmonary diffusing 
capacity (Dy). It has been reported that there 
is some decrease in Dy, in the postoperative 
period and that this decrease is roughly pro- 
portional to the loss of lung volume, at least 
following pneumonectomy (1-4). However, avail- 
able studies are limited either by the absence of 
preoperative data, the performance of determina- 
tions only in the late postoperative period, or 
the failure to obtain comparable pre- and post- 
operative conditions. To the writers’ knowledge, 
there are no published data concerning the 
changes in the pulmonary diffusing capacity 
induced by surgical procedures on the lung of 
smaller extent than pneumonectomy. 

For these reasons it was decided to study the 
pulmonary diffusing capacity pre- and post- 
operatively in a series of patients subjected to 
various thoracic surgical procedures. In_ this 
report, data on 39 patients are presented. 


MATERIALS AND METHODS 


The subjects comprised 35 consecutive surgical 
cases from the Suburban Cook County Tubereu- 
losis Hospital-Sanitarium and 4 cases” of 
pneumonectomy from the University of Chicago 
Clinies. There. were 27 males and 12 females in 
the group, ranging in age from nineteen to sixty- 
seven vears. Twelve patients underwent extra- 
periostial paraffin plombage thoracoplasties. All 
of the remaining 27 patients underwent pulmonary 
resection. These procedures consisted of 4 wedge 
resections, 5 pneumonectomies, and 18 lobecto- 


! From the Suburban Cook County Tuberculosis 
Hospital-Sanitarium, Hinsdale, Illinois; and the 
Department of Medicine, University of Chicago, 
Chicago 37, [linois. 

2 Aided by a research grant from the Illinois 
Tuberculosis Association. 

’ Presented before the Medical Session, as 
part of Section 4A, at the annual meeting of the 
American Trudeau Society, Los Angeles, Cali- 
fornia, May 17, 1960. 


mies. (Included among the lobectomies is one 
patient who had two segments and a wedge re- 
moved, and another patient who had one lobe and 
one segment removed.) The average age of the 
plombage patients was fifty years, and that of the 
resection group was forty years. 

All of the plombage patients had moderately 
advanced or far advanced pulmonary tuberculosis, 
and emphysema was also diagnosed in 2. Kighteen 
of the 27 patients with resections had tuberculosis. 
In 6 the tuberculosis was minimal, in 7 it was 
moderately advanced, and in 5 it was far ad- 
vanced. Seven of the patients with resections had 
neoplasms, one had chronic lung abscess, and one 
had broncholithiasis. In addition to the above 
diagnoses, emphysema was diagnosed in 2 and 
asthmatic bronchitis in 2 of the patients who had 
resections. 

Routine pulmonary function tests and diffusing 
capacities were obtained pre- and postoperatively 
on all subjects. Early postoperative tests were 
obtained before the ninth postoperative week, 
with an average time of five and one-half weeks 
for the plombage group and four weeks for the 
resection patients. Additional postoperative tests 
were obtained in 9 plombage and 6 resection 
patients eight to twenty-nine weeks postopera- 
tively. The average postoperative time for these 
later tests was fifteen weeks for the thoracoplasty 
group and thirteen weeks for the resection group. 

The residual volume was determined by a 
modification of the open-circuit method of Darling 
and associates (5), and the pulmonary diffusing 
‘apacity by Forster and co-workers’ modification 
of Krogh’s carbon monoxide’ breath-holding 
technique (6). Reported lung volumes’ were 
obtained by adding the previously determined 
residual volume to the measured inspiration of 
the carbon monoxide mixture at the time of 
breath-holding, the patients having exhaled fully 
before inspiring the mixture. Reported diffusing 
‘apacities represent an average of at least two 
determinations in which the pulmonary diffusing 
‘capacity (D._) was corrected to the highest volume 
performed on that day. This was done by replac- 
ing the poorer inspired volumes with the best 
inspired volume before calculating the D,. This 
compensates for the poorer inspiratory volumes 
of duplicate determinations and, therefore, gives 
more accurate comparison of pre- and post- 
operative volumes. In one case, the breath-hold- 
ing volumes of duplicate determinations differed 
by 700 ce. However, in most patients the deter- 
minations agreed within 150 cc. Therefore, cor- 
recting the Dy, from the lower volume to the higher 
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TABLE 1 


PREOPERATIVE AND POSTOPERATIVE DATA ON PATIENTS UNDERGOING Wax Pack THORACOPLASTY 


Preoperative Data 


| Postoperative Data 
| 


Case | | | Weeks | | | Per Cent of Change 
Number Age | Diagnosis | Det | after | Ve 
| Surgery | | eee Di 
M 60 | F.A.,temphy- | 3,650/14.1| 8 | 3,040) —17 —44 
 sema | | 2,990; 9.7| 
2 F 2,130} 11.1} 9 1,980; 9.4; —11 —16 
3 M 54 | M.A.§ 5,220 | 14.0) 4 4,380! 7.4] —16 —47 
| | 12 4,470 | 10.5 | —14 — 25 
| 4,340; 9.4] —17 —33 
4 a 59 | F.A. | 3,585 | 11.7; | 3,140) 8.6| —12 —27 
5 | M 55 F.A., emphysema) 5,370 25.1 7 4,380 15.0; —18 — 40 
| | 115 | 4,765 | 26.9| +7 
| | | | 20 4,990 | 23.3) 
6 M 60 | F.A. 5,000 | 16.2; 3! | 4,290| 12.9| —14 — 20 
| | | 11 4,770 16.7 —5 +3 
7 M 54 | F.A. | 5,620 | 18.1 3 4,300 12.4 | —23 —32 
| | | | | 8 | 4,620] 13.1) —18 —28 
8 1,980} 12.2} 4 | 1,720) 9.3) | —24 
| | | | 10 =| 1,855 | 10.7 —6 —12 
8) | M 45 F.A., broncho- 3,760 | 19.7 | 3 | 2,620 | 12.0 — 30 — 39 
| pleural fistula 114 =| 2,930 | 14.5| —22 —27 
10 60 | M.A. &,160 | 24.1] | 3,520 | 12.3) —32 — 49 
| | | 20 =| 3,575 | 14.4) —40 
11 30 | F.A. 4,520/19.9| 5 | 4,140) 21.6; —8 +8 
| | | 13 | 4,300 | 20.6; —§ +3 
12 65 | F.A. 4,520; 14.9) 9 | 3,620| 11.4) —20 —24 
Average of first post - | | | | 
operative test... 50 4,210 | 16.8 | 5'9 | 3,426 11.7| —19 — 30 


* Viis the volume of the lung in cubic centimeters of dry gas at 0° and 760 mm. at the time of breath- 


holding. 


t Dy is the diffusing capacity of the lung for carbon monoxide, and is reported in cubic centimeters 
of carbon monoxide diffusing into the blood per minute per mm. Hg difference between alveolar carbon 
monoxide tension and blood carbon monoxide tension, 


t F.A.—far advanced tuberculosis. 
§ M.A.—moderately advanced tuberculosis. 


volume actually made little difference in the cal- 
culated Dy. The maximal variation of corrected 
DD, between duplicate determinations was 18 per 
cent, with an average variation of 5 per cent. 


RESULTS 


The determinations in all of the 39 subjects 
are summarized in tables | to 4. Thirty-six of 
the patients showed an initial decrease of both 
breath-holding lung volume (V,) and diffusing 
capacity (D,) with surgery. Two patients showed 
improved Dy after surgery, despite smaller 
volumes, and one patient showed an improved 
breath-holding volume postoperatively because 
of poor preoperative performance. His total lung 


capacity determined separately did show a de- 
crease with surgery. 

Twenty-nine of the patients showed a greater 
decrease in percentage of Dz than of Vz, 4 
showed essentially the same decrease of both, 
and 6 patients showed a greater decrease of 
Vi than Dy (including the 2 patients who im- 
proved their D,). These results are depicted in 
figure 1. For the group of 12 patients with wax- 
pack thoracoplasty, the mean initial loss of 
volume with surgery was 19 per cent, and the 
mean loss of diffusing capacity was 30 per cent. 
For the 18 lobectomy patients, the mean loss of 
volume was 26 per cent, and the mean loss of 


diffusing capacity was 30 per cent; for the 5 
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TABLE 2 
PREOPERATIVE AND POSTOPERATIVE DATA ON PATIENTS UNDERGOING WEDGE RESECTION 


Preoperative Data 


Sex Age Diagnosis 
13 35 Mint 
14 M 29° Min. 
15 | M.A.§ 
16 F 19. Min. 


Average of first post- 
operative test 


* V. is the volume of the lung in cubic centimeters of dry gas at 0° and 760 mm. at the time of breath- 


holding. 


4,710 
3, 260 
2,470 
3,310 


3,438 


Postoperative Data 


Per Cent of Change 


Weeks 
Dit after VL 
| Surgery Vi D L 
| 
24 4,500 | 17.2 —5 —6 
15.6 3,010 15.2 +2 
13.9 5 2,115 | 10.6 —14 — 24 
16.8 215 2,860 12.0 —14 — 29. 


t Di is the diffusing capacity of the lung for carbon monoxide, and is reported in cubie centimeters » 
of carbon monoxide diffusing into the blood per minute per mm. Hg difference between alveolar carbon 
monoxide tension and blood carbon monoxide tension. . 


t Min.—minimal tuberculosis. 
§ M.A.—moderately advanced tuberculosis. 


Percent change 


60 -50 -40 -30 -20 -10 O +0 
| i 4 +10 
x 
» Wax Pock Thorocoplasty 
Pneumonectomy © 
0 Wedge Resection 
--20 
| o 
= 
--40 
50 


Fie. 1. Percentage of change in diffusion versus 
percentage of change in volume in the early post- 
operative period; total group of 39 patients. 


pneumonectomy patients, the volume loss was 
44 per cent and diffusion loss was 41 per cent; 
and for the 4 wedge resection patients, the mean 
volume loss was 9 per cent and the diffusion loss 
was 20 per cent. 

Nitrogen washout curves remained essentially 
unchanged in all but 2 patients. Both of the last- 
named patients had abnormal washout curves 
before surgery which became slightly more abnor- 
mal postoperatively. However, their Dy and Vz 


decreases following surgery paralleled those of the 
other patients. 

In 15 patients, tests were repeated four to 
twenty-one weeks after initial postoperative 
studies. Only 2 patients had lower Dy, than on 
the first postoperative test, and 13 showed good 
improvement. Nine of these cases were post- 
thoracoplasty patients and had _ revealed a 
decline of 34 per cent in Dy and of 19 per cent 
in Vy in the early postoperative period. Sub- 
sequent tests showed a return toward preopera- 
tive values, the final Dy falling only 17 per cent 
and the final Vz only 14 per cent below pre- 
operative values. The 6 resection patients (5 
lobectomies and one wedge) showed a mean 
lung volume loss of 15 per cent and a diffusing 
capacity loss of 17 per cent in the late post- 
operative period; these same subjects had _ re- 
vealed a 25 per cent decline in Vy and a 32 per. 
cent decline in Dry in their early postoperative 
course. These results are depicted in figures 2A 
and B, in which the changes in Dy and Vy are 
plotted against the time elapsed after surgery. 
In figure 2C, the changes in Dy are ‘‘corrected”’ 
for the alterations in Vz which occurred with 
surgery; it is apparent that the disproportionate 
fall in Dy in the early postoperative period is 
less apparent after the second postoperative 
month. These results are summarized in table 5. 

The mean breath-holding volume (at standard 


832 


LUNG SURGERY AND DIFFUSING CAPACITY 


833 


TABLE 3 
PREOPERATIVE AND POSTOPERATIVE DATA ON PATIENTS UNDERGOING LOBECTOMY 


Preoperative Data 


| 
Postoperative Data 


ees | Per Cent of Change 


. ll Sex | Age Diagnosis | Dit | Vi | Di 
| | | | |. 
17 M | 29 | Min.t | 4,540 | 27.8] 5'¢ | 3,170| 18.4| —30 | —34 
| | | 16 =| 3,950} 25.8; -13 | 
18 46 Min. | 3,380 | 14.8; 3 | 2,615] 10.1} —23 —32 
| | | 2,006) 1045 —30 
| | 19 | 2,910 | 13.7] —14 —7 
19 M 56 | Neoplasm, em- | 5,490 | 23.0| | 3,945] 13.2; -—28 | —43 
physema | | | | 
20 | 48 | Collapsed mid- | 2,630 |} 10.4 | | 2,499} 10.8) —5 +4 
broncho- | 
| lithiasis 
21 M 29 | F.A.§ 3,610 | 21.5] 31g | 2,540| 14.5] —30 — 33 
| | 10 3,210 | 18.56 | —14 
22 M M..A.|| | 5,360 | 25.7) 4 | 3,680] 15.1) —31 | —41 
| | 8 | 4,280] 19.4| —20 —25 
23 M 33 | M.A. | 5,200 | 25.2 | 3'¢ | 3,760) 18.3 | —28 —27 
| | | 9 | 4,100} 17.2) —32 
24 | 36 | M.A. | 3,1601 16.2; 7 | 2,300) 11.7} —24 — 28 
25 | 26 | M.A. | 2,825 | 18.4]; 4 | 2,490] 14.9; —12 —19 
26 M 62. Neoplasm | 4,510] 13.6 | 4 | 3,470| —23 | —29 
27 | 4,760 | 20.1 | 3'¢ | 3,420; 14.8| —28 — 26 
28 I | 43 | F.A., asthma 3,055 | 9.4 4 2.490 | 7.2 —19 — 23 
29 | 3,560 | 12.6 | 41g | 3,160) 7.8) —38 
30 | 34 | Lung abscess 4,310 | 25.7| 4 | 2,850| 18.5| —34 —28 
31 | 5;790 46.6) 4 | 3,730) 27.7) —39 
32 | M 52. ~F.A., emphysema 4,580 | 24.3 S 3,650 | 18.8) —20 — 23 
M 4,510 | 30.3 | 416 | 2,750/ 21.0! —39 —3] 
| 3,500/24.3| 4 2,850| 18.3] | 
Average of first post- | | | | | 
operative test. ....; 39 | 4,155 | 21.6; 4 3,080 15.0 — 26 — 30 


* Viisthe volume of the lung in cubic centimeters of dry gas at 0° and 760mm. at the time of breath - 


holding. 


t D1 is the diffusing capacity of the lung for carbon monoxide, and is reported in cubic centimeters 
of carbon monoxide diffusing into the blood per minute per mm. Hg difference between alveolar carbon 
monoxide tension and blood carbon monoxide tension. 


t Min.—-minimal tuberculosis. 
§ F.A.—-far advanced tuberculosis. 
| M.A.—-moderately advanced tuberculosis. 


temperature and pressure, dry) of the wax-pack 
thoracoplasty group before surgery was 4,210 ce., 
and that of the lobectomy group was 4,155 ce. 
The mean preoperative D, of the former was 16.8, 
and that of the latter group was 21.6. The mean 
postoperative D, of the former was 11.7, and was 
15.0 for the latter. Thus it is apparent that, while 
the resection patients had preoperative lung 
volumes similar to the patients who underwent 
thoracoplasty, they had slightly better diffusing 
capacities both pre- and postoperatively; this is 


probably a result of their younger age and better 
clinical condition. 

All but 3 patients had uncomplicated post- 
operative courses. After right upper lobectomies, 
2 patients developed middle lobe atelectasis 
and one patient developed severe bronchospasm. 
However, these complaints were partially relieved 
before the first postoperative test, and the post- 
operative diffusion losses of these 3 patients 
paralleled the findings of the lobectomy group 
as a whole. 
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TABLE 4 
PREOPERATIVE AND POSTOPERATIVE DATA ON PATIENTS UNDERGOING PNEUMONECTOMY 


Preoperative Data 


Postoperative Data 


Per Cent of Change 


\ Di i \ D 
Sex Age diagnosis after L 
35 M 49) Neoplasm 4,480 | 16.6 3 2,255 | 8.4 — 5O — 49 
36 M 67 Neoplasm 5,990 18.7 5 2,945 | 12.2 —5l — 35 
37 M 52 Neoplasm 1,830 123.9; 2 2,825 | 13.6 — 42 —43 
38 5Y Neoplasm 6,190 33.6 3,285 | 19.5 —47 — 42 
39 M 42 Neoplasm 4,560 34.3 3,000 | 21.7 —2/ 
Average of first post 
operative test | O4 9,210 | 25.4) 3!6 | 2,926 15.1 — 44 — 4] 


* Vi. is the volume of the lung in cubic centimeters of dry gas at 0° and 760 mm. at the time of breath- 


holding. 


t Di is the diffusing capacity of the lung for carbon monoxide, and is reported in cubie centimeters 
of carbon monoxide diffusing into the blood per minute per mm. Hg difference between alveolar carbon 
monoxide tension and blood carbon monoxide tension. 


DisCUSSION 
The results obtained indicate significant 
acute decrease in pulmonary diffusing capacity 


following thoracic surgical procedures. The 
changes following pneumonectomy are similar 
to those described previously for the late post- 
pneumonectomy period (2-4), and might be 
explained by the loss of functioning pulmonary 
parenchyma, in that the pulmonary diffusing 
capacity (D,) and the breath-holding lung 
volume (V,) fall to approximately the same 
degree. That the remaining lung fails to increase 
its apparent diffusing capacity when the entire 
cardiac output has been diverted through it, 
doubling its blood flow, is compatible with the 
concept that Dy, is not related directly to pul- 
monary blood flow, but is apparently dependent 
upon intravascular pressures and the size of the 
pulmonary vascular bed (7-9). 

It is more difficult to explain the considerable 
“fall in Dy which follows thoracoplasty, lobec- 
tomy, or wedge resection, for in these instances 
the change in Dy, is out of proportion to the 
loss of lung volume or reduction of parenchymal 


tissue. In this regard, it may be noted that 


the diffusion loss/volume loss ratio is greater 
in the wedge resection and plombage patients 
than in the lobectomy patients. The excessive 
diffusion loss seems to correlate with the amount 
of trauma to the remaining functioning lung on 
the operated side. Thus, in pneumonectomy no 


traumatized lung remains on the operated side, 
and in lobectomy the division of lobes with 
their separate blood supplies allows resection of 
one lobe without damage to the blood supply of 
the rest of that lung. Wedge resection and wax- 
pack thoracoplasty, however, do traumatize lung 
and blood supply to immediately adjacent fune- 
tioning areas. As some of the thoracoplasty 
patients later have resections, perhaps this can 
be shown more clearly by comparing results 
from different surgical procedures in the same 
patient rather than by comparing two different 
groups of subjects. At the time of this writing, 
only one patient of the thoracoplasty group has 
had a later resection. Patient No. 5 had the upper 
and middle lobes of his right lung (including the 
wax pack) removed. When tested six weeks after 
this second surgical procedure, the D;, had de- 
creased 44 per cent, and the volume 27 per cent, 
from the prelobectomy test. This compares with 
the 40 per cent Dy, and 18 per cent Vz, decreases 
he had shown following thoracoplasty. Although 
this patient showed a particularly great loss of 
diffusion following both procedures, the results 
do parallel the findings of the total group of 
patients. The  thoracoplasty lobectomy 
groups both showed the same decrease in Dy, 
following surgery, but the thoracoplasty group 
had volume loss than the lobectomy 
patients. Patient No. 5 showed this same trend 
of similar D, loss following both procedures, 
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Fig. 2A 
tive tests. 


after surgery 


(Top). Diffusion change versus postoperative time in 15 patients with repeated postopera- 


Fig. 2B (Center). Volume change versus postoperative time in 15 patients with repeated postopera- 


tive tests. 


Kia. 2C (Bottom). Percentage of change in the pulmonary diffusing capacity (D,) corrected for 
the breath-holding lung volume (V,.) change versus postoperative time in 15 patients with repeated 
postoperative tests. The postoperative Dj, is corrected to the preoperative volume by the formula: 
postoperative Dy X original V;,/postoperative V;,. The percentage of difference between the corrected 


1D; and the preoperative Dy, is shown. 


but less volume loss following the thoracoplasty 
than following lobectomy. 

The present results, which show a decreased 
I), after thoracic surgery, are compatible with 
the findings of Schramel and associates (10) 
that the diffusing capacity in dogs decreases 
following thoracotomy and closure. They also 
found a decreased D,, in patients the day fol- 


quent 


open heart surgery, with a subse- 
return toward normal the fol- 
lowing weeks. The initial decrease in many of 
their patients was 50 per cent or greater, but 
after four weeks it had returned to levels com- 
parable with the loss of Dy seen in the present 
study. Thus it is possible that, in the present 
study, the Dy loss was even greater in the patients 


lowing 


We 


TABLE 5 
Vi" AND Dit CuaNGces 15 
PATIENTS STUDIED IN THE EARLY AND 
LATE PosToPERATIVE PERIODS 


Per Cent of 


N r Change 
tients | 
| 
Plombage )) 
Karly postopera 
tive —34 
Late postoperative 15 
Resection 6 
Karly postopera 
tive | —25 —3$2 
Late postoperative 13 —-15, —17 


* breath holding lung volume. 
fDi pulmonary diffusing capacity. 


immediately postoperatively, and already 
started returning toward normal when tested. 

In order to explain how this excessive loss of 
DD, is caused, one must hypothesize either an 
alteration in the alveolar-capillary membrane 
or a change in the distribution of the pulmonary 
blood supply during the early postoperative 
period. Previous studies have shown that a 
physiologic decrease in lung volume is associated 
with relatively little change in D,; when normal 
subjects perform breath-holding diffusion tests 
at decreasing lung volumes (11-13). Therefore, : 
simple inability to inspire deeply postoperatively 
cannot explain the obtained data. It would be 
possible to explain the data by a shift in vas- 
cularity from the operated to the intact lung, 
creating a blood supply pattern approaching 
that of the postpneumonectomy state. Such a 
mechanism might result from temporary 
physiologic restriction in the pulmonary vascular 
bed out of proportion to the quantity of lung 
removed, With the passage of time, the hemo- 
dynamics of the two lungs might equalize, ac- 
counting for the subsequent increase in Dy, 
the final loss of Dy approaching the loss of lung 
volume. 

An acute change in the alveolar capillary 
membrane could similarly explain the Dy changes 
following surgery. One might visualize a transient 
interstitial pulmonary edema in the early post- 
operative period which resolves over a period of 


several weeks. Additional bronchospirometric 


studies of early postoperative patients would help 
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distinguish changes in the blood-gas barrier from 
abnormalities in the distribution of pulmonary 
blood flow. To the writers’ knowledge, reported 
postoperative bronchospirometric studies have 
been limited to the late postoperative period. 

A third possible explanation could be a lowered 
hemoglobin postoperatively. check of this 
revealed an average decrease in hemoglobin of 
0.9 gm. following surgery. The correlation 
between loss of hemoglobin and excess loss of 
D, is only shght (r=0.244), and not of signifi- 
cance. Therefore, while the lowered hemoglobin 
cannot be ruled out as a factor influencing the 
reduced diffusion, it is very unlikely to be of 
major importance. 

Regardless of the mechanisms involved, the 
observed fall in Dy in the early postoperative 
period is indicative of the profound alteration in 
pulmonary physiology which accompanies tho- 
racic surgery, even wax-pack plombage. It is 
clear that the immediate effects of such surgery 
are out of proportion to the actual quantity of 
lung removed or collapsed. This may explain 
the oceasional cardiorespiratory insufficiency 
state which develops during the early postopera- 
tive period when relatively ‘minor’ thoracic 
surgical procedures are carried out in patients 
with pre-existing pulmonary dysfunction. 


SUMMARY 


The breath-holding diffusing capacities of 39 
patients were obtained before and within two 
months after various types of thoracic surgery. 
Both the pulmonary diffusing capacity ,) 
and the breath-holding lung volume (V,,) de- 
creased following lung surgery. Five patients who 
underwent pneumonectomy showed a comparable 
fall in Dy and Vy in the early postoperative 
period but, following thoracoplasty, wedge 
resection, and lobectomy there was a more 
marked fall in D, than in V,. The pulmonary 
diffusing capacity and the breath-holding lung 
volume subsequently returned toward normal, 
with Dy, showing more improvement than Vy. 
Some possible mechanisms for the excessive Dy, 
loss are discussed. 


SUMARIO 
Los Efectos de la Cirugia Tordcica sobre la 
Capacidad Difusora del Pulmon 


Se determinaron las capacidades difusoras de 
39 enfermos mientras contenian el aliento antes 
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y en término de dos meses de ejecutarles varias 
formas de cirugia tordcica. A continuacién de la 
cirugia pulmonar, disminuyeron tanto la capaci- 
dad difusora del pulmén (Dp) como el volumen 
pulmonar al contener el aliento (Vp). Cinco enfer- 
mos sometidos a la neumonectomia revelaron una 
baja comparable de la Dp y del Vp en el periodo 
postoperatorio incipiente, pero a continuacidén 
de la toracoplastia, la reseccién cuneiforme y la 
lobectomia, fué mds acentuada la baja de la Dp 
que la del Vp. La capacidad difusora del pulmén 
y el volumen pulmonar al contener el aliento 
volvieron después hacia lo normal, revelando la 
Dp mds aumento que el Vp. Se discuten algunos 
posibles mecanismos para la excesiva pérdida de 
Dp. 


RESUME 


Les effets de la chirurgie thoracique sur la capacité 
de diffusion pulmonaire 


Les capacités pulmonaires de 39 malades, 
retenant leur respiration, furent obtenues avant 
et deux mois aprés différents types de chirurgie 
thoracique. La capacité pulmonaire de diffusion 
(D,) ainsi que le volume pulmonaire quand le 
malade bloque sa respiration (V,), furent diminués 
apres chirurgie du poumon. Cinq malades qui 
subirent une pneumectomie montrérent une chute 
comparable de Dy, et Vi, au début de la période 
qui suivit l’opération, mais aprés thoracoplastie, 
résection partielle et lobectomie, il y eut une 
chute plus marquée de D, que de V_,. La capacité 
pulmonaire de diffusion et le volume du poumon, 
4a respiration bloquée, retournérent a la normale 
par la suite, Dy, montrant plus d’amelioration 
que V;. Les auteurs discutent quelques méca- 
nismes possibles dans la perte excessive de Dy. 


Addendum 


An additional 26 patients have been tested pre- 
and postoperatively, bringing the total number to 
65. Averages for each surgical group are shown in 
the table below. | 

There is little change in the average volume 
or diffusion losses following surgery compared 
with those which are reported above. Following 
wedge resection, a slightly greater volume loss 
is noted in the present enlarged group than that 
reported above. Also, the enlarged group of 9 
pneumonectomy patients now shows exactly the 
same loss of pulmonary diffusing capacity (D_z) 
as breath-holding lung volume (V_,) following 
surgery. These additional data support further 
the previous conclusions that, following pneu- 
monectomy, the Dy, loss corresponds to the Vz 
loss but, following thoracic surgical procedures 
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SUMMARY OF THE CURRENT PREOPERATIVE AND 
POSTOPERATIVE Data ON 65 PATIENTS 
Average of Each Surgical Group 


Preoperative Data Postoperative Data 
| Per 
ype o ro after) Change 
Surgery Pa- | ee} Vi | Dt} | ¥ 
tients gery | | 
| Vi Di 
Wax pack...... 12 50 4,210/16.8 54 11.7 —19,—30 
Wedge resec- 9 33 |3,634/17.7, 5 3,207 
Segmental re- 4 42 |5,140/19.6| 34 (4,240 14. 1-18 —28 
section...... 
Lobectomy....| 31 | 36 |4,135/21.0) 4 (3,094 15.1 —25|—28 
Pneumonec- 57 |4,829.23.1) 4 /2,592 12.5 —46|—46 
9 
Total number..| 65 | | 


of lesser extent (particularly wedge resection and 
plombage), the Dy, loss is more marked than the 
loss of Vi. 

In order to assure the fact that reduced breath- 
holding volume alone cannot explain the decreased 
postoperative D,, 10 patients performed the 
breath-holding diffusing capacity test at reduced 
inspiratory levels. When they voluntarily reduced 
their lung volumes an average of 23 per cent, a 
decrease of only 20 per cent in Dy, occurred. How- 
ever, following various thoracic surgical pro- 
cedures in these same 10 patients, an average 
volume loss of 22 per cent was accompanied by a 
D, decrease of 28 per cent. This further supports 
the previous conclusion that thoracic surgery 
produces changes in diffusion which are out of 
proportion to the actual quantity of lung removed 
or collapsed. 
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VI. The First Fifteen Years following Diagnosis 
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INTRODUCTION 


In previous studies (1-3), the after-history of 
persons with pulmonary tuberculosis in various 
stages was described for the first ten years 
following diagnosis. Additional follow-up obser- 
vations have been made on some of the patients 
included in these studies. The later observations 
afford a description of the after-history for the 
eleventh through the fifteenth vears following 
diagnosis and supplement the original descrip- 
tions for the first ten years following diagnosis. 
The clinical material under consideration in- 
cludes substantially all of the confirmed cases of 
active pulmonary tuberculosis that were diag- 
nosed among residents of a semirural region 
in upstate New York during the years 1938 to 
1948, inclusive. 

Many of the persons included in the present 
study were patients at the Hermann M. Biggs 
Memorial Hospital; most of them received bed- 
rest treatment, and some were treated also with 
one form or another of pulmonary collapse. 
Only a few received chemotherapy, little of which 
was adequate by modern standards. The 
emphasis of the present study, however, is not 
on the effect or the lack of effect of any particular 
treatment but, rather, on the course of pulmonary 
tuberculosis in persons-grouped according to the 
stage of disease at the time of diagnosis. Once 
the main features of the course of disease in 
such groups of persons are established, then the 
implications of these features can meaningfully 
be discussed. 


\MIATERIAL 


The clinical material consists of 564 persons who 
had active pulmonary tuberculosis at the time of 
diagnosis, the stage of the disease being minimal 
in 130, moderately advanced in 211, and far ad- 
vanced in 223. The 211 persons with moderately 
advanced tuberculosis and the 223 with far ad- 
vanced tuberculosis have been described pre- 


' From Cornell University, Ithaca, New York. 
2 Public Health Research Fellow of the National 
Institutes of Health. 


viously (2, 3). The 130 persons with minimal dis- 
ease represent a net change of 4 from the 
134 previously studied (1); 12 persons who were 
diagnosed in 1937 have been eliminated: from the 
present study, and 8 persons who were diagnosed 
in 1948 have been added. This change was made in 
order that the time period for admission to the 
study be uniform, i.e., 1938 to 1948, for all three 
stages of disease. The distribution of age and sex 
of the group of patients eliminated from the study 
was similar to that of the group of patients added, 
and no appreciable difference was noted in the 
follow-up experience of the two groups of patients. 

The decision to limit consideration in the pres- 
ent paper to those who had active tuberculosis at 
the time of diagnosis resulted from a review of the 
206 deaths from tuberculosis observed among the 
941 persons included in the earlier studies (1-3). 
Of these deaths, only 9 occurred among the 373 
persons who had arrested disease at the time of 
diagnosis, whereas 197 occurred among the 568 
persons who had active disease at the outset. The 
small contribution to the tuberculosis mortality 
of disease that was arrested at the time of diagno- 
sis hardly justified further efforts to obtain follow- 
up data on patients with this type of disease. In 
addition, it is not unlikely that, among persons 
found to have arrested tuberculosis, the variation 
in the duration of the arrested state prior to diag- 
nosis exceeds somewhat the variation in the dura- 
tion of active tuberculosis prior to diagnosis 
among persons found to have active disease. 
Granting this, it then follows that an initial classi- 
fication of active tuberculosis is likely to represent 
an event more sharply defined in time than an 
initial classification of arrested tuberculosis. 
Accordingly, the latter event is of somewhat less 
interest. 

Of the 564 persons included in the present study, 
44 were not observed during their entire period of 
study, which began on the date of diagnosis and 
ended at the anniversary of diagnosis that fell 
in the calendar year 1956. Seventeen of these 44 
persons had minimal pulmonary tuberculosis at 
the time of diagnosis, 18 had moderately advanced 
disease, and 9 had far advanced disease. Of the 
44 persons, 35 are known to be alive, well, and 
working regularly; 3 have died of causes believed 
to be other than tuberculosis; while the remaining 
6 have been lost sight of completely. None of the 
35 persons who are apparently well and who deny 
symptoms of pulmonary disease will consent to 
have chest roentgenograms or to submit sputum 
for bacteriologic study. 
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STAGE AT DIAGNOSIS IN PERCENT ACCORDING TO AGE 


Fic. 1. (Top). Aetive pulmonary tuberculosis: 
sex and age at diagnosis. 

hig. 2. (Bottom). Stage at diagnosis (in per 
cent) according to age. 


The distribution by sex and by age at the time of 
diagnosis of the 564 persons under study is shown 
‘an figure 1. The age distribution of the males is 
much less peaked than that of the females; how- 
ever, the twentyv- to twenty-nine-vear age group 
is the largest frequeney class for both sexes. 
Among those persons less than forty vears of age 
there is a slight majority of females, whereas 
among persons:-older than forty vears there is a 
marked preponderance of males. The distribution 
by age and sex of the persons with moderately 
advanced tuberculosis and of those with far ad- 
vanced tuberculosis has been given previously 

2, 3); the distribution by age and sex of the per- 
sous with minimal tuberculosis can be found by 
subtraction. 

In figure 2 the percentage distribution of the 
three stages of tuberculosis is shown according to 
age at the time of diagnosis. It is seen that in the 
lowest age class minimal tuberculosis preponder 
ates, whereas in the age classes from forty up- 
ward far advanced tuberculosis is more common 
than the other two stages combined. The latter 
finding is of particular importance if an observa- 
tion made earlier (2, 3) is recalled, i.e., not only is 
the case fatality higher in tuberculosis that is far 
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advanced at the time of diagnosis than in tubercu- 
losis that is minimal or moderately advanced at 
diagnosis, but within each stage the case fatality 
is higher in older than in younger persons. If the 
clinical course of the older persons included in the 
present study is indicative of the experience of 
older persons who have recently acquired pul- 
monary tuberculosis, then the delay of tuber- 
culous infection to a higher age level is not an un- 
mixed blessing, despite the fact that such a 
post ponement—considered as a population phe- 
nomenon—is not uncommonly associated with a 
lowering of the level of tuberculous contagion. 

The annual incidence of new cases of active tu- 
berculosis according to age is summarized in table 
1. During the eleven-year period there was a no- 
ticeable decrease in the incidence of new cases 
among younger persons, a somewhat less marked 
decrease among middle-aged persons, and no 
decrease at all among older persons. The decrease 
in incidence observed among the group of younger 
persons and the group of middle-aged persons may 
be explained, at least in part, by a fall in the level 
of tuberculous contagion (see discussion in (3)). 
Now, if the fall in the level of contagion were simi- 
lar for all ages, then, during the eleven-vear 
period, the incidence of tuberculosis would be ex- 
pected to decline in the older age group. (From 
1940 to 1950 the total population of the eight coun- 
ties included in the present study rose 3.5 per cent 
while, during the same period, the population 
fifty vears and older rose 7.3 per cent (4); hence, 
the size of the population exposed to tuberculous 
contagion was essentially constant, and the annual 
number of diagnoses may be regarded as directly 
related to the level of contagion.) Thus, the ques- 
tion arises whether older persons are subject to 
the same risk of acquiring progressive tuberculo- 
sis as are younger and middle-aged persons. The 
question is not satisfactorily answered by assum- 
ing that the older persons acquired their infections 
sometime in the remote past, since the level of 
contagion in upstate New York—as evidenced by 
the tuberculosis death rate—has been falling 
steadily except for brief periods over the past 
fifty vears (5). The writers suspect that, during 
the period of time just preceding and included by 
the present study in the geographic region con- 
cerned, the level of tuberculous contagion did 
not decrease for older persons to the same extent 
as for younger and middle-aged persons. It is 
noted that this concept is not inconsistent with a 
phenomenon observed in each of three earlier 
studies (1-3), namely, a rise over the eleven-vear 
study period in the median age at diagnosis. 


MrTHOD 


The method of classification of the follow-up 
data and the statistical procedure whereby the 
set of classifications are summarized have been 
described elsewhere (6). The present writers were 
unaware when they derived the statistical method 
(the “‘anniversary”’ method) used throughout the 
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TABLE 1 
ANNUAL INCIDENCE OF ACTIVE TUBERCULOSIS (ALL STAGES) BY AGE AT DIAGNOSIS 


| 


Year of Diagnosis | 


Age act Wiagnosis - 


1938 1939 1940 1941 1942 


14-29 ae 27 33 29 20 


30-49 23 15 1s IS 23 
50+ 1] 11 14 I] 12 


Slope of best-fitting straight line is different from zero (P > 0.99) in the age groups 14-29 and 30-49, 


|- Total 
1943 1944 | 1945 1946 1947 1948 

| ee 22 13 21 22 1) | 248 
| 14 | 9 | 165 
19 17 20 a 10 | 151 


and is not different from zero in the 50+ age group. 


series of papers, *‘The After-History of Pulmonary 
Tuberculosis,” that Iskrant and his associates 
had previously described a similar statistical pro- 
cedure (7). It should be noted that the procedure 
used by Iskrant and the present writers is essen- 
tially an actuarial method (see Berkson and Cage 
(S) or Kaplan and Meier (9), with the additional 
feature that the conditional probability is esti- 
mated that a certain classification of disease is 
present in-a person on a particular date given that 
he has survived to the date in question. Pre- 
viously, Stephens (10) had recognized the im- 
portance of this type of conditional probability 
and used estimates of it in connection with the ad 
hoc (or reduced sample) method. 

In tables 2 to 4 and figures 3 to 5 are shown the 
percentages of persons in the various disease ¢lass- 
ifications (arrested; active, never arrested; active 
by relapse; died of tuberculosis; died’ of other 
cause) estimated to occur at each anniversary of 
diagnosis. It is assumed that the experience of 
those persons who, for one reason or another, pass 
from observation will parallel the experience of 
those persons who remain under observation. The 
data are presented separately for the groups of 
persons having minimal, moderately advanced, 
and far advanced pulmonary tuberculosis at the 
time of diagnosis. It should be noted that the 
stage of disease at subsequent anniversaries was 
not necessarily the same as that observed at the 
time of diagnosis. 


RESULTS 
Minimal Tuberculosis 


It may be seen in table 2 and figure 3 that, 
from the eleventh through the fourteenth anni- 
versaries, there are only small increases in the 
percentage of persons who have arrested tuber- 
culosis and in the percentage who have died of 
tuberculosis, and that these increments are at 
the expense of the percentage of persons with 
active disease. At the fifteenth anniversary there 
is a slight decrease in the proportion of persons 
with arrested disease; this results from a_re- 
lapse of disease in one patient classified as having 


arrested disease at the fourteenth anniversary 
and a nontuberculous death in another. Whereas 
at the tenth anniversary, about one person in 
twelve is estimated to have active disease; at 
the fifteenth anniversary, about one person in 
twenty is estimated to have active disease. 

The follow-up data collected for the purpose 
of the present report supplied considerable 
additional information about the first ten anni- 
versaries of experience following diagnosis. 
Furthermore, the writers succeeded in filling in 
a number of gaps in the information collected 
for the earlier study of minimal tuberculosis. 
These data made it possible to assign a definite 
clinical status at each anniversary to the persons 
with disease previously classified as “‘presumably 
arrested.”’ Almost without exception, the persons 
so classified turned out to have arrested disease 
according to the criteria adopted in the original 
paper of this series (6). 

Accordingly, the results shown in table 2 for 
the first ten anniversaries may be compared 
with the corresponding data shown in table 5 
of the earlier report on minimal tuberculosis 
(1), with the proviso that the entries in column 
11 of table 2: be compared with the sum of the 
corresponding entries in columns 11 and 12 of 
table 5. There appears to be reasonably fair 
agreement between the sets of percentages 
shown in the two tables. 


Moderately Advanced Tuberculosis 


In table 3 and figure 4 it may be seen that, 
from the eleventh to the fifteenth anniversaries 
of diagnosis, there is a small decrease in the 
percentage of persons with active disease which 
is accompanied by a small increase in the per- 
centage of persons dead of tuberculosis. More- 
over, there is a small decrease in the percentage 
of persons with arrested disease and a correspond- 
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TABLE 2 
PaTrentTs witH Minimat TUBERCULOSIS CLASSIFIED BY STATUS AT ANNIVERSARIES OF DIAGNOSIS 


(2) (3 (4) (5) (7) (4) (Y) (10) (11) (12) (13) (14) | 


Living at Anniversary Saddam Factors Expected Percentages 
Anni In- 
Active Dead of Dead of Active, Active Dead of  Dead*of 
ented | Are | | | tion | |, Tuber | Other 
() 130 Q Q 0) 1.0000 0.7692 O 100.0 Q Q 
33 () 130; O 1.0000) 0.7692) 25.4 73.8 
0.8 
2 73 D4 l 128} 1 1.0078 0.7752) 56.6, 41.9 () O.S 0) 
4] 2 () 126 l 1.0079 0.7813 71.1 23.4 2.0 1.6 
3 3.2 
19 6 3 0) 3 1.0248 0.8007) 74.5) 15.2 4.8 
5.6 
S7 13 14 2 0) 1146, 2) 1.0172 0.8145 70.9| 10.6 11.4) 1.6 0 
1.2 
6 9 114) | 1.0000) 0.8145) 76.6 7.3. 7.3) 0.8 0.8 
8.0 0.8 
7 O4 7 Q 1.0182) 0.8293 78.0 Q 
8.8 0.8 
2 106, 3) 0.8528 76.8 4.3 6.8 | 0.9 
9.7 2.8 
SO 4 | Q 96 7 | 1.0729) 0.9150) 78.7 4.6 | 8.9 
10.6 2.5 
10 73 0) 82.13 1.1585 1.0600, 77.4 4.2 () 
11.6 2.5 
1] 66 0) 73| 8 | 1.1086) 1.1762! 77.6 3.5 
11.6 2.5 
12 62 2 2 0) 66, 1.1061 1.3009) 80.7 2.6 
11.6 2.5 
13 a3 0 l 55| 11 | 1.2000) 1.5611) 82.7 0 
13.2 2.5 
14 19 0) 50 4. 1.0800) 1.6860 82.6 
13.2 2.5 
15 35 Q 2 12 | 1.3158) 2.2185) 77.6 () 4.410 2.2 
13.2 4.7 


(1) Number of vears after diagnosis. 

(2) Number of living persons with arrested disease at anniversary of diagnosis. 

(3) Number of living persons with active disease at anniversary who never attained the arrested 
status. 

(4) Number of living persons at anniversary with active disease because of relapse. 

(6) Number who died of tuberculosis since previous anniversary. 

(6) Number who died of other causes since previous anniversary. 

(7) Total number at anniversary, sum of columns (2) to (6), inclusive. 

(8) Number of ‘incomplete’? and lost persons at anniversary. 

(9) Provisional factor for anniversary = (column (7) + column (8))/column (7). 

(10) Correction factor for anniversary = column (9) X correction factor for previous anniversary. 
The correction factor for anniversary 0 is 100/130 = 0.7692. 

(11) Expected percentage of persons with arrested disease at anniversary: column (2) X column (10). 

(12) Expected percentage of persons with active disease at anniversary who never attained the ar- 
rested status: column (3) & column (10). 

(13) Expected percentage of persons at anniversary with active disease because of relapse: column 
(4) column (10). 

(14) Expected percentage of persons who died of tuberculosis since previous anniversary: column 
(6) X column (10). Cumulative percentage in italics. 

(15) Expected percentage of persons who died of other causes since previous anniversary: column 
(6) X column (10). Cumulative percentage in italics. 
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TABLE 3 
PATIENTS WITH MODERATELY ADVANCED TUBERCULOSIS CLASSIFIED BY 
STATUS AT ANNIVERSARIES OF DIAGNOSIS 


@ (3) (6) (7) (8) 
Living at Anniversary Factors Expected Percentages 
Anni- | In- — 
| Active | Dead of Dead of siete | Active | Dead of | Dead of 
rested | IRelenee 8 | | | sional tion rested | 
0 0 | 0 | 1.0000! 0.4739, 0 | 100.0) 0 | 0 0 
Time 2 211; O | 1.0000} 0.4739) 3.3) O | 4.3 0.9 
| | | | 0.9 
2 | | 2; 9 l 199 1.0050) 0.4763, 39.5, 49.5 1.0) 4.3 0.5 
| | | | | | | | 8.6 1.4 
3 |100| 75 | 5 | 4 | 2 | 186} 3| 1.0161) 0.4890] 48.4) 36.3/ 2.4/1.4 1.0 
| | | | | | | | | ae 2.4 
0 177; 3 | 1.0169) 0.4921) 57.1) 24.1) 4.4/1.5 0 
| | | | | | 2.4 
5 117| 36 | 12 | 6 | 174, 0 | 1.0000, 0.4921) 57.6 17.7, 5.9 | 3.0 1.5 
| | | | | | | 3a 3.9 
& 2 165 O/| 1.0000) 0.4921) 60.5) 12.8| 4.4 | 2.5 1.0 
6 158; 0 | 1.0000) 0.4921, 61.0 7.9| 5.4 0.5 2.9 
| | | | | | | 7.8 
14081 i 0 151, 0 1.0000 0.4921 61.0 7.4) 5.4 0.5 0 
| | | | | | 7.8 
wee: 3 142) 8 | 1.0563) 0.5198 59.8) 5.2) 6.8) 1.5 0.5 
| | | | | | 20.0 8.3 
2 | 123) 15 | 1.1220) 0.5832) 50.5) 5.2) 5.2/0.5 1.3 
| | | | | 20.5 9.6 
0 104) 16 | 1.1538) 0.6729 60.6 4.7) 4.7) 0 0 
| | | | 20.5 9.6 
2 96 8 1.0833, 0.7290 60.5 4.4 2.9 0.7 1.4 
| | | 21.2 11.0 
| 2 1 0 16 1.2078) 0.8805 61.6 3.5) 1.8) 0.9 0 
| | | ee 11.0 
4 2 67, 9 | 1.1343 0.9987 56.9 3.0) 4.0) 1.0 
| | | | | | | | 23.4 13.0 
3 14 | 1.2800) 1.2784 55.0, 2.6) 0 3.8 
| | | | | | e. _ 16.8 


* See legends in table 2. 
ing increase in the percentage of persons dead 
of causes other than tuberculosis. 

Comparison of the percentages shown in the 
first ten entries of columns 11-17 of table 3 
with the corresponding entries of table 3 of the 
‘arlier report on moderately advanced tuber- 
culosis (2) shows quite a satisfactory agreement. 
Since the material in table 3 of the present study 
represents a combination of data included in 
the earlier table with data collected after 1951, 
it is apparent that the additional data are fairly 
consistent with the earlier clinical information. 


Far Advanced Tuberculosis 


In table 4 and figure 5 it may be seen that, 
among the persons who had far advanced active 


tuberculosis at the time of diagnosis, there is 
little if any change from the eleventh through 
the fifteenth anniversaries in the proportion 
with arrested disease. There is, however, a slight 
increase in the proportion of persons dead of | 
tuberculosis and a corresponding decrease in 
the proportion of persons with active disease. 
Comparison of the first ten entries of columns 
11-17 of table 4 with the corresponding entries 
of table 4 of the earlier report on far advanced 
tuberculosis (3) shows a satisfactory agreement. 


Relapse Rates and Remission Rates 


The form in which the follow-up experience 
is presented in tables 2 to 4 and figures 3 to 5 


is quite straightforward and may well be the 


? 
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TABLE 4 
PATIENTS WITH Far ADVANCED TUBERCULOSIS CLASSIFIED BY STATUS AT ANNIVERSARIES OF DIAGNOSIS 


(1y* (2) (3) (4) (5) (6) | (7) | (@) 


Since Previous 


Living at Anniversary 


Factors 


(10) (/1) (12) (13) | (14) | (15) 


Expected Percentages 


sary Ar- Never ¢tive Dead of Dead o pProvi- | Correc- | Ar- | ctive Dead o ad o 
by  Tuber- Other | Nev by | Tubercu- Oth 
rested Relay | | sional tion rested 4 uberce Other 
oF 0 | 223 0 223 1.0000 0.4484 0 100.0 0 | 0 0 
| 134 88 | 0 223; 1.0000 0.4484) 0.4, 60.1) O (39.5 0 
| ory | | | 39.5 
2827 | -83 25 | | 135) 1.0000 0.4484) 12.1) 37.2/| |11.2 0 
| | | | 50.7 
385 | 400 12 - 0 | 110) O | 1.0000 0.4484) 25.1) 18.0) 0.9} 5.4 0 
| | | | | 56.1 
| | | | 
| 2 5 | 3 | 2| 1.0208) 0.4577) 24.7, 12.8, 2.7! 2.3 1.4 
| | | | 58.4 1.4 
| 2 |48 2 88} 0 | 1.0000) 0.4577) 23.3, 10.5 3.. | 1.8 0.9 
| | | | 60.2 2.3 
6149 | 20 9 81) 1 | 1.0123) 0.4633) 22.7, 9.3) 4.2)1.4 
7852 | 14 2 78, 0 | 1.0000 0.4633 24.1 6.5 3.2) 1.4 0.9 
| | | 63.0 3.2 
8 . 53 6 72; 1 1.0139; 0.4697) 24.9 3.8) 2.8] 1.9 0.5 
| | | | 64.9 3.7 
9 47 J 1.0635; 0.4996) 23.5 2.5) 4.5| 0.5 0.5 
| | 65.4 4.2 
10 42 5 147 56} 5 | 1.0893) 0.5442) 22.8 2.7) 3.8/1.1 0 
| | | | 66.5 4.2 
11-40 i195 0 51} 1.0588) 0.5762; 23.0 2.3 1.2 0 
| | | 67.7 4.2 
wes; 3 42} 7 | 1.1667; 0.6722 22.8) 2.0| 2.0/0.7 0.7 
| | | 68.4 4.9 
13 | 29 3 {82 0 35} 5 | 1.1429) 0.7683) 22.3) 2.3 1.5/0 0.7 
68.4 5.6 
14] 23 28} 6 | 1.2143) 0.9329) 21.5 2.8; 0.9/0.9 
| | | 69.3 5.6 
| | | | 69.3 5.6 


* See legends in table 2. 


sort of information in which the physician caring 
for tuberculous patients is interested. However, 
follow-up data can be presented in another 
manner, namely, in terms of relapse, remission,’ 
and death rates. The latter means of presentation 
expresses roughly the chance of a patient’s moving 
from one status of disease to another in terms of 
his length of stay in the original status. 

There is clearly an intimate relationship be- 


3 Remission is used here to denote the change in 
status of pulmonary tuberculosis from active to 
arrested. The terms ‘‘relapse rate’’ and ‘‘remission 
rate’’ are defined and discussed in an earlier paper 


(1). 


tween the two methods of presentation which, 
after all, are but two different ways of looking 
at the same set of follow-up data.* For example, 
if the relapse rate decreases as the length of 
stay in the arrested status grows longer, and the 
remission rate and death rate decrease as the 
length of stav in the active status grows longer, 
then eventually the percentages of persons with 
active tuberculosis with arrested tuberculosis, 
and dead of tuberculosis will no longer change 


*A more complete and somewhat more formal 
discussion of this subject is included in a recent 
paper (11) describing a stochastic model for fol- 
low-up experience in pulmonary tuberculosis. 
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Fic. 3 (Top). Status at anniversary. Minimal 
tuberculosis: 130 cases. 

Fic. 4 (Center). Status at anniversary. Mod- 
erately advanced tuberculosis: 211 cases. 

Fig, 5 (Bottom). Status at anniversary. Far 
advanced tuberculosis: 223 cases. 


appreciably. The converse of the foregoing state- 
ment is not necessarily true, however, since it 
is quite possible to have stability in the pro- 
portions of persons with active disease and of 
persons with arrested disease despite an appre- 
ciable (although balanced) interchange of persons 
between these two classifications of disease. 

In tables 5 and 6, the relapse and remission 
rates observed among the persons included in 
the present study are presented. It is noted that 
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these observed rates are estimates of the true 
rates and, as such, are subject to chance fluctu- 
ation. A measure of this chance variation is 
given by the estimated standard deviation 
shown in the last line of each group of entries 
in the two tables. The estimated standard 
deviations of those rates different from zero 
become larger in the right-hand portion of table 
6 (and in one instance also in table 5) and, 
hence, less confidence is to be placed in the values 
of the rates shown there. With this proviso there 
appears to be an over-all decrease in the relapse 
and remission rates in all three groups of patients. 
In each case, however, the apparent decrease is 
gradual; hence, a fair number of relapses or 
remissions occur after the fifth vear of arrested, 
active disease. Thus, the statement made in 
the study of far advanced tuberculosis (3)—that 
relapses seldom occur after five years of arrest 
—appears to have been overoptimistic. 


Deaths Due to Causes Other than Tuberculosis 


As might be expected in a sizeable group of 
persons observed over an extended period of 
time, deaths from a variety of causes were 
observed in the present study. Deaths believed 
to be due to progressive pulmonary tuberculosis 
or its several complications were classified as 
tuberculous, while the remainder were classified 
as nontuberculous. In table 7 the observed 
numbers of deaths classified as nontuberculous 
are compared with the numbers expected on the 
basis of ordinary actuarial experience; the latter 
were computed with the use of the 1940 United 
States Life Tables, table 4 (12). It is seen that, 
among persons who had minimal tuberculosis 
and among peisons who had far advanced tuber- 
culosis at the time of diagnosis, the agreement is 
good between the observed and expected 
numbers. Among persons who had moderately 
advanced tuberculosis at the time of diagnosis, 
however, an excess is seen of deaths classified 
as nontuberculous over the expected number of 
such deaths. A detailed listing of the causes of 
the 26 deaths observed in this group may be 
seen in table 8. 


SUMMARY 


During the years 1938-1948 in eight semirural 
counties in New York State, 564 persons were 
found to have active pulmonary. tuberculosis; 
the disease was classified as minimal in 130, as 
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TABLE 5 
RELAPSE RATES AMONG PATIENTS WITH TUBERCULOSIS ACTIVE aT DIAGNOSIS 
Number of Years of Observation 


Stage of Disease 
at Diagnosis 


Minimal 
Number of patients 
observed 112 103 Q7 SY 83 77 64 48 42 182 1 7 
Number of relapses* 6 5 7 4 | 2 () 2 0) 0 0;'0: 0); I 
Relapse rate 5.4 4.9 4.5 ‘<2 2.6;0 90 () 0 0:0 
estimated standard 
deviation (%) 2.3 2.6 2.2 iva 1.8/0 0 0) @ 
Moderately advanced 
Number of patients | 
observed 147 136 123 116 10S 103 4] 76 61 57 45 35 (21 | 3 
Number of relapses* 1] 3 5 2 2 0 0) 2 0 
Relapse rate 6.1 2.4 1.9 1.990 [6132.8 
estimated standard 
deviation (%) 2.0 2.3 1.4 1.9 0) 16 | 
Far advanced 
Number of patients 
observed 71 61 52 48 44 39 35 32 30 28 26 20:91; 8 
Number of relapses* 6 6 3 l I 2 l l 0 () 0,;0;0;0 
Relapse rate §.8) 2.1 2.3; 12.9) 3.1 0 0 
Estimated standard | 


* Number of relapses oceurring in final vear of observation period. The patients experiencing a re- 
lapse had arrested disease during the portion of the observation period prior to the final vear. The 
remaining patients had arrested disease throughout the observation period. 


TABLE 6 
REMISSION RATES AMONG PATIENTS WITH TUBERCULOSIS ACTIVE AT DIAGNOSIS 


Number of Years of Observation 


Stage of Disease at Diagnosis 


2 4 5 8 9 10 | 15 
Minimal | | 
Number of patients ob- | | oe 
Remission rate 57.5) 42.3) 26.9] 18.7] 30.8) 28.61 0 | 25.0 33.30) 0 | 0/0 


estimated standard de- | | | | | | 

viation (%).......... 4.4; 6.8 9.8) 12.8) 11.7) 17.1} O | 21.6) 0 | 0/0 
Moderately advanced | | | 

Number of patients ob- 


served. | | 7) | 116 | 9 | 8 6| 8 1312 
Number of remissions*.... 85 | 23 | 22 | 6 | 6 | 6 © | 
Remission rate (7). 45.0) 23.5) 31.0) 14.3; 18.7] 27.2} 9.1) 0 | 20.0'0] 0 
K-stimated standard de- | | | | | | | 4 | ae 

viation (%) 43) 5.5) 5.41 6.9 9.51 0 | 11.710] 17.9101 0 

Far advanced | | | | | | | | ae 
Number of patients ob- | | | | 

served i 71 | 34 | 24 | 2t 117 | 10 | 7 | 5 (13) 
Remission rate 25.4) 42.3| 17.7) 4.2} 4.8] 17.6] 20.0) 28.6) 0 | 0 0 | 0/0 
Estimated standard de- | | | | | | | | | | | 

fiation 4.1) 5.9 6.5 4.1) 4.6 9.2 12.6 17.1) 0 0 0 {0/0 


* Number of remissions occurring in final year of observation period. The patients experiencing a 
remission had active disease during the portion of the observation period prior to the final vear. The 
remaining patients had active disease throughout the observation period. 
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TABLE 7 
COMPARISON OF OBSERVED AND EXPECTED 
NUMBER OF DEATHS DvuE TO CAUSES 
OTHER THAN TUBERCULOSIS 


Number of Deaths 


Stage of Disease at Diagnosis Bren 


Expected 


Observed | 
Moderately advanced. ._ 26 16.95 
Far advanced........... 11 


10.24 
TABLE 8 
NONTUBERCULOUS DEATHS BY CAUSE AMONG 
TUBERCULOUS PATIENTS WITH DISEASE 
OF MopERATELY ADVANCED EXTENT 
AT TIME OF DIAGNOSIS 


Cause of Death 
Cardiovascular—renal disease: | | 16 
Congestive failure: 
Arteriosclerotic heart disease, 5 
Svphilitiec heart disease, 1 
Rheumatic heart disease, 1 
Coronary artery occlusion and/or = 4 
myocardial infarction 
Cerebrovascular accident ] 
Pulmonary embolism (following 
childbirth) | 
Renal disease: 3 
Associated with diabetes mel- 
litus, 1 
Amyloidosis associated — with 
rheumatoid arthritis, 1 
Sulfonamide toxicity, 1 
Neoplastic disease: 5 
Prostate ] 
Breast ] 
Melanoma 
Stem cell leukemia ] 
Primary site undetermined I 
Miscellaneous: 3 
Perforated duodenal ulcer 1 
Accidental 
Suicide 1 
Possibly tuberculous: 2 


These two persons died at home of 
‘“bronchopneumonia”’ and ‘“‘heart 
disease’’ after short periods (1-2 
vears) of active, progressive 
tuberculosis. Their ages were 74 
and 8O years, respectively. 


- — 


moderately advanced in 211, and as far advanced 
in 223. At the time of diagnosis among those 


persons aged thirty-nine vears or less, the disease. 


was far advanced in two-sevenths, and females 
outnumbered males four to three. Among those 
persons aged forty vears and older, the disease 
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was far advanced in three-fifths, and males 
outnumbered females three to one. During the 
eleven-year study period, the annual incidence 
of cases was found to decrease markedly in the 
age group of fourteen to twenty-nine years, to 
decrease moderately in the age group of thirty to 
forty-nine years, and not to decrease in the age 
group of fifty vears and older. 

In the analysis of the follow-up data, persons 
included in the study were grouped according 
to the stage of pulmonary tuberculosis at the 
time of diagnosis (minimal, moderately advanced, 
far advanced). There is a noticeable similarity 
in the follow-up experience of the three groups 
from the eleventh through the fifteenth anniver- 
saries of diagnosis; in each group during this 
period there was a small decrease in the propor- 
tion of persons with active disease, a smaller 
decrease in the proportion of persons with 
arrested disease, and minor increases in the 
proportions of persons who died from tuberculosis 
and those who died from other causes. 

Both the relapse rates and the remission 
rates observed among the three groups of persons 
tended to decrease as the length of time in the 
arrested or active state of tuberculosis increased. 
An excess of deaths from causes believed to be 
other than tuberculosis was observed during the 
period of study among persons classified at the 


time of diagnosis as having moderately advanced 


tuberculosis. 


SUMARIO 


La Historia Subsecuente de la Tuberculosis Pul- 
monar. VI. Los Primeros Quince Afios 
Consecutivos al Diagnostico 


Durante los afios 1938-1948 en ocho condados 
semirrurales del Estado de Nueva York, se descu- 
brid a 564 personas que tenian tuberculosis pul- 
monar activa; se clasificé6 la enfermedad como 
minima en 130, como moderadamente avanzada 
en 211 vy como muy avanzada en 223. Al hacerse 
el diagnoéstico, entre aquellas personas que tenian 
treinta vy nueve afios de edad o menos, la dolencia 
estaba muy avanzada en dos séptimas partes de 
ellas vy las mujeres excedian a los varones en la 
proporeion de cuatro a tres. Entre aquellas per- 
sonas de cuarenta anos o mas, la enfermedad 
estaba muy avanzada en tres quintas partes y los 
varones excedian a las mujeres en la proporcién 
de tres a uno. Durante el periodo de once afios 
de estudio, se observé que la incidencia anual de 
disminuia notablemente en el grupo de 
‘atorce a veintinueve afios de edad, disminuia 
moderadamente en el grupo de treinta a cuarenta 


fat 
q 
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y nueve anos y no disminuia en el grupo de cin- 
cuenta afios o mds de edad. 

Kin el andlisis de Jos 
agrupo a las personas conforme al periodo de la 
enfermedad en que se hallaban en Ja fecha del 


datos subsecuentes, se 


diagnéstico (minimo, moderadamente avanzado, 
muy avanzado). existe una notable semejanza en 
los sucedido a los tres grupos en el periodo de 
observacion partiendo del undécimo hasta el 
décimoquinto aniversario del diagnéstico inelu- 
sive; en cada grupo, durante ese periodo, hay una 
pequena disminucion en la proporeién de personas 
que tienen enfermedad activa, una disminucién 
menor en la proporcion de las que tienen la en- 
fermedad estacionada y menores aumentos en las 
proporeciones de personas que han fallecido de la 
tuberculosis y de las que han fallecido de otras 
CAUSAS. 

Los coeficientes tanto de recidivacién como de 
remision observados en los tres grupos de personas 
tienden a disminmuir medida que sumenta el 
largo de tiempo en la fase estacionada o activa de 
la tuberculosis. Durante el periodo de estudio, 
se observ6é un exceso de muertes por Causas juz- 
gadas como distintas de la tuberculosis entre las 
hacerse el diagnodstico 


personas Clasificadas al 


como afectadas de tuberculosis modernadamente 


avanzada. 


RESUME 


Les suites de la tuberculose pulmonaire. VI. Les 


quinze premieres années apres le diagnostic 


Pendant les années de 1938 A 1948, dans huit 
départements semi-ruraux de l'état de New York, 
on trouva 564 personnes ayant une tuberculose 
pulmonaire active; la maladie fut) enregistrée 
comme minimum dans 130 des cas, modérément 
avancée dans 211 cas et trés avancée dans 2235. 
Au moment du diagnostic, parmi les personnes 
agées de 39 ans ou moins, la maladie fut trés 
avancée dans les deux septiémes des cas, et il y 
eut plus de femmes que d’hommes dans la propor- 
tion de trois pour quatre. Parmi les personnes 
agées de plus de quarante ans et plus, la maladie 
fut plus avangée dans les trois cinquiémes des cas 
et les hommes furent plus nombreux que. les 
femmes dans Ia proportion de trois pour une. 
Pendant la période d’étude de Il ans, on trouva 
que la fréquence annuelle des cas décrut notable- 
ment dans le groupe agé de 14 a 29 ans, et ne 
décrut pas dans le groupe agé de 50 ans et plus. 

Dans |’étude des renseignements sur les suites, 
les personnes étudiées furent groupées suivant 
le stade de tuberculose pulmonaire au moment du 


diagnostic (minimum, modérément 


trés avancé). Il y a une similarité notable dans 
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les suites des trois groupes de 11 a 15 ans aprés 
le diagnostic; dans chaque groupe, pendant cette 
période, il y eut une légére diminution chez les 
personnes ayant une forme active, une diminution 
moins grande chez les personnes ayant une forme 
fixée, et des augmentations mineures chez des 
personnes qui moururent d’autres causes, 

Les taux de rechute et de rémission observés 
parmi les trois groupes tendent a décroitre & me- 
sure que les durées de la stabilisation de la maladie 
ou de Vaetivité de la maladie augmentent. Un 
nombre de décés surnuméraires, de causes autres 
que la tuberculose, fut observé pendant la période 
d’étude parmi les personnes classées au moment 
du diagnostic comme porteurs d’une forme de tu- 
berculose modérément avancée. 
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INTRODUCTION 


The classification of residual tuberculous le- 
sions according to the bacillary and = cavitary 
status aids in objectively evaluating each case. 
While the susceptibility or resistance of the 
bacilli to antituberculous drugs is probably the 
most important factor influencing operative 
results, the presenee Or absence of a residual 
cavity is probably the most important factor 
in the final outcome of medical therapy. Bell, 
Decker, and Raleigh (1) found that 48 per cent 
of IIS patients who had residual cavities and 
negative bacteriologic studies had relapses during 
the next three years, more than half occurring 
during active chemotherapy. Most relapses 
occurred early, nearly 75 per cent within one 
vear of the observation point and more. than 
9) per cent within two years of that time. Of 
153 similar cases of patients treated with  re- 
section, only 9 per cent developed subsequent 
tuberculous manifestations. As 41 per cent of 
the resected cavities each showed a culture posi- 
tive for tubercle bacilh, it is obvious that the 
bacilli in these lesions had not been sterilized. 
Other investigators (2-7), using continuous medi- 
eal therapy with different standards of reference, 
have demonstrated low relapse rates. Corpe and 
Blalock (2), in following patients who had been 
continuously noninfectious for an average of 
sixteen months prior to onset of the study, found 
a relapse rate of only 8.8 per cent. Most of 
the relapses in Bell’s series (1), however, had 
already occurred prior to the date of onset of 
this study. Similarly, in the present material 
the great number of patients who have had 
bacteriologic, clinical, or roentgenographic spread 
of their disease shortly after attaining the non- 
infectious state has been impressive. The lesions 
in such cases frequently become inoperable, at 
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least temporarily, long before the patient attains 
the “‘open-negative”’ state studied by Corpe and 
others. Some of these patients become noninfec- 
tious again and are candidates for resection. 
Others remain infectious and may have surgical 
treatment under protection of additional drugs, 
but at a higher risk (8). 

To evaluate the surgical results in patients in 
the present study who have residual cavities, 
but otherwise have reached the goal of roentgeno- 
graphic stability and noninfectious status, all 
such resections performed during the four and 
one-half year period from 1955 through June, 
1959, have been analyzed. 


COMPOSITION OF SERIES 


Two hundred operations were performed on 
ISS patients. Only those patients are included who 
had pathologic demonstration of air-containing 
cavities, regardless of the preoperative roentgeno- 
graphic interpretation, as various solid caseous 
lesions were found to have the roentgenographic 
appearance of being air-containing (9). Bron- 
chiectatie lesions, blebs, bullae, or other cysts 
distinguishable as such, are not ineluded. All 
bacteriologic studies of sputum and gastric 
washings for at least two months immediately 
prior to operation were negative, although many 
patients had noninfectious sputum for several 
months prior to operation. Thus, not all met the 
criteria of the “open-negative’’ syndrome, as 
defined at present by the Committee on Therapy 
of the American Trudeau Society (10), as an open 
air-containing lesion with tubercle bacilli absent 


from the sputum for at least six months. Operation 


was usually offered as soon as the ‘‘target point’’ 
of a fairly stable roentgenogram and negative 
bacteriology was achieved, and no operation was 
deliberately delayed for further study. 

Of these 188 patients (table 1), 130 were receiv- 
ing: initial antimicrobial therapy, and 58 were 
receiving re-treatment. The much higher propor- 
tion of Negroes in the re-treatment group is a 
reflection of the difficulty in obtaining their 
eooperation in long-term medical care, as drug 
therapy was usually instituted on the ‘home 
care’’ program some time prior to admission to 
the sanatorium. Other than this, the marked 
differences between the initially treated and 
re-treated groups noted by Steininger and Howard 
(12) were not observed. The re-treated patients 
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TABLE 1 
RacE AND SEX oF 188 SurGicaL PATIENTS WuHo 
ReEcEIVED INITIAL TREATMENT OR RE- 
TREATMENT WITH ANTIMICROBIAL 


DRUGS 

| ‘Initial | Re-treat- 

sex Race | Treatment | ment 

Male... White 6 | 
Female White 7 
Male... Negro 28 20 
Female. . Negro 28 21 
Total | 130 58 


often had to be classified as such on their initial 
admission and were largely a product of the early 
developmental concepts of chemotherapy and of 
‘home treatment,’’ rather than recalcitrant 
patients. 

It would have been ideal to have evaluated the 
initial response to institutional therapy and to 
have completed surgery, when indicated, before 
the end of the first year. In this series, such was 
possible in only 36 (19 per cent) of the 188 patients. 

The extent of the resections is shown in table 2, 
illustrating the large number of pneumonectomies 
and other major resections done, particularly in 
the re-treatment group. 

Seven patients had bilateral resections, while 
5 of the patients were reoperated upon on the 
same side (table 3). One of the latter proved to 
have a closed lesion, negative for tubercle bacilli, 
while the other 4 (all in the re-treatment series) 
had developed further cavitary lesions, with 
demonstrable bacilli of proved resistance to 
streptomycin, isoniazid, and PAS. It is probable 
that in these cavities the bacilli were already 
resistant at the time of the first surgical procedure. 


OBSERVATIONS 


There have been seven deaths with only one 
attributable to active tuberculosis (table 4). The 
early deaths in the initially treated group were 
due to retained secretions on the first postopera- 
tive day, to massive hemorrhage from a duodenal 
ulcer at one month, and to proved pulmonary 
emboli at five months postoperatively. The 
late death of a 61-year-old male occurred from 
acute myocardial infarction four days 
discharge and six months after surgery. 
‘arly deaths in the re-treatment group 
due to pulmonary edema at thirty-six hours 
and to pneumonia four days postoperatively. 
The last death of a re-treated patient occurred 
fourteen months postoperatively from massive 
pulmonary hemorrhage following definite re- 
activation of tuberculosis. 


Two 


aspirations or reintubation. 


after 


were 


The complications are presented in table 5. 
Ten of the patients had sufficient difficulty with 
retained secretions to require repeated bronchos- 
copies or tracheostomy, the latter being  per- 
formed in 9 patients because of secretions or 
respiratory insufficiency. One bronchopleural 
fistula occurred after a right upper lobectomy 
when the extrapleural Ivalon plombage became 
infected. This closed immediately with removal 
of the sponge and conversion thoracoplasty. The 
other two fistulas closed with thoracoplasties. 
Nine patients had difficulty with pulmonary re- 
expansion, but responded within two weeks to 
Four had hemo- 
thoraces of sufficient magnitude to necessitate 
enzymatic debridement. 

Fourteen patients have had post-surgical reacti- 
rations of their disease, equally divided between 
the early and late periods. In only 2 is the dis- 
ease active at this time, the others having re- 
sponded to further drug or surgical therapy. Of 
the 20 patients who did not receive isoniazid 
preoperatively, the disease of 6 has relapsed, 
reflecting the superior effectiveness of this drug. 

Four patients have been lost to follow-up 
observation, although all were doing well when 
last seen (table 6). Seven of the remaining 184 
patients are dead, 2 are presently active, and 175 
(93 per cent) are progressing satisfactorily. One 


TABLE 2 
EXTENT OF OPERATIONS PERFORMED 


Initial Re-treat- 
Operation Treatment ment 
More than one lobe resected... 17 (1) 6 
Segmental resection... 49 (2); 9 @) 
Wedge resection l (1) 
..| 136 64 


* Numbers in parentheses refer to patients in 
the preceding group who had second procedures. 
TABLE 3 
REOPERATIONS PERFORMED 


Re-treatment 
Contralateral...... 5° 2 
4* 


* All cavitary lesions with bacilli resistant to 
streptomycin, isoniazid, and PAS at reoperation. 
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TABLE 4 
DEATHS 


Nontuberculous| Tuberculous 


_Num- Num- 
her (Per Cent! Per Cent 


Initial treatment 


Karly 3 2.3 0 0 

Ke-treatment 

Karly 2 3.4 0 0 


TABLE 5 
C‘OMPLICATIONS OF OPERATIONS 


Complication Re-treatment 
Retained secretions. 6 4 
Bronehopleural fistula | 2 
empyema 
Delayed expansion. 6 3 
Hemothorax 4 l 
Tracheostomy 5 4 
Cardiac arrest 0 l 


TABLE 6 
FoLLow-te STrupy OF SURGICAL PATIENTS 


Initial Re- 

Treat- Per Cent’ treat- Per Cent 

ment ment 
Dead 4 3.1 3 5.1 
Lost 2 io 2 3.4 
Reactivated 10 6.8 
Now active | 0.7 
Living and well 123 94.6 52 SO.6 


Always well 114 49 
Total living and 


well 175 93.1 


hundred and sixty-three of the patients (86.9 
per cent) have been well consistently since 
surgery, 12 more being converted by further 
antimicrobial or surgical therapy. 

Acid-fast bacilli have been demonstrable by 
microscopy, culture, or both, in 42.5 per cent of 
the resected specimens which have been studied, 
with no difference between the initially treated 
and re-treatment cases. The postoperative course 
and long-term results likewise did not correlate 
with the demonstration of bacilli in the speci- 
mens except for the 4 patients with drug-resistant 
above who required later 


bacilli mentioned 


resections on the same side. These cases again 


illustrate that it is possible to suppress bacillary 
discharge, even of resistant organisms which 
have full power for subsequent reactivation of 
disease. Unfortunately, catalase studies are not 
available on this group to help determine their 
possible significance. 

No correlation was found between the ultimate 
results and the size of the cavity at the time of 
admission or at the time of operation. Similarly, 
there was no significant difference in the cavitary 
size in the initially treated and the re-treatment 
groups. A higher number of the re-treatment 
group had associated bronchiectasis. 

No correlation was found between the ultimate 
results and the duration of disease prior to the 
institution of effective antimicrobial therapy. 

As antimicrobial therapy was discontinued one 
year postoperatively in nearly all instances, these 
cases afford an evaluation of the long-term re- 


sults of surgery without indefinitely prolonged 


drug treatment in a socio-economic group that 
usually returned to active physical labor. 


DISCUSSION 


The description by Auerbach and his associ-— 
ates (11) of the phenomenon of “open healing”’ 
of a cavity after prolonged chemotherapy (par- 
ticularly with isoniazid) with complete oblitera- 
tion of all stigmata of tuberculosis, introduced a 
new concept into antituberculous therapy. Prior 
to that time all cavities had been accepted as 
residual foci of active infection. DeFriez, Patton, 
Welch, and Badger (12), in following patients 
with and without: cavities treated without anti- 
microbials or surgery in the 1930’s, found a 
cumulative relapse rate of 32 per cent at five 
years and more than 50 per cent at twenty 
vears. Numerous reports, including those of 
Corpe, Dooneief, Cohen, Worobec, Breuer, and 
their associates (2-5, 7), testify to the low inci- 
dence of reactivations in patients with pulmonary 
‘avities and negative bacteriology if a follow-up 
study is started six to sixteen months after the 
development of the noninfectious state and if 
effective chemotherapy including isoniazid can 
be continued indefinitely. It is not believed that 
this represents uniform achievement of “open 
healing,’ nor is such claimed, but these patients 
do remain well clinically and bacteriologically. 

While this is a real phenomenon—and cer- 
tainly of vital importance from an epidemiologic 
standpoint—it gives a distorted picture as it 


excludes the many relapses that occur during 
the early period after initial reversal of infec- 
tiousness. These patients are all too frequently 
concealed from view and completely obscured 
by the late start of the long-time follow-up 
study of the ‘“‘open-negative’”’ group under active 
medical therapy. Most of these results are de- 
pendent upon the long and continuous use of 
antituberculous therapy, which will not be 
feasible in various segments of our population, 
even if possible. Also, while it is true that many 
of these ‘‘open-negative’’ patients can be offered 
surgery under the protection of additional effec- 
tive drugs should a relapse occur, others in the 
writers’ experience have been lost to surgery 
because of the degree of the subsequent spread 
of disease. In addition, both the immediate and 
long-term results of surgical therapy of the group 
positive for drug-resistant tubercle bacilli are far 
inferior to the results in the noninfectious group. 
While the demonstration of the safety of the 
open-negative state will be of vital importance 
to patients unable to have surgery for various 
reasons (physical or socio-economic), it does 
not offer the ideal with respect to therapy. This 
might be regarded as a method of producing 
“good chronics’’ from patients who otherwise 
would have died of the disease or remained 
active public health menaces. 3 

Undoubtedly, with further study it will be 
possible to evaluate those lesions which are 
safest on long-term antimicrobial therapy. For 
example, Breuer, Abeles, Chaves, and Robins 
(7) found that reactivation was uncommon if 
the cavities were thin-walled or had a diameter 
greater than 5cm. They noted a4 per cent relapse 
rate in patients with thin-walled cavities, but 
a 19 per cent rate in patients other than those 
with thin-walled cavities. 

The bacteriology of resected specimens. will 
continue to be of the utmost importance. Bell, 
Decker, and Raleigh (1) found that 41 per cent 
of their resected specimens showed cultures 
positive for tubercle bacilli, 17 per cent of the 
“clean” cavities but 62 per cent of the “dirty” 
‘avities being positive. There have been various 
reports that the vield has steadily increased as 
cultural methods have been refined. There are 
few study rates available of the bacteriology of 
lesions resected after longer periods of sputum 
negative for tubercle bacilli. Cohen and associates 
(4), on following forty-nine cases for six to 
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eighteen months, found bacteriologic relapse in 
six patients. Three patients had had resections 
and all had tubercle bacilli in the sputum dem- 
onstrated, in one by microscopy and in two by 
culture. One of his patients who died of a heart 
attack after six years of therapy as an open- 
negative case had demonstrable bacilli in the 
residual cavitary lesion. Catalase-negative organ- 
isms, even if resistant, appear far less virulent, 
but the statistical and epidemiologic significance 
of this observation remains to be determined (14). 
The present writers’ observations suggest that 
resection can and probably should be performed 
for the cavitary tuberculous lesion even in the 
absence of demonstrable bacilli, with the ex- 
pectation of satisfactory initial and late results 
for both the initially treated and re-treatment 
groups. In both categories the results appear 
superior to the published results of long-term 
nonsurgical therapy, and suggest that residual 
cavities, regardless of the noninfectiousness of 
the sputum, should be resected. Indefinitely 
prolonged postoperative antimicrobial therapy 
now seems to be the preferred treatment. As 
the above results were obtained with antimi- 
crobial therapy for only six months to one year, 
it would seem that the patient with a cavitary 
residual is better protected by surgery and even 
by short-term treatment than by indefinitely pro- 
longed medical therapy alone. In view of the 
socio-economic and practical difficulties of main- 
taining indefinite drug therapy, it can at best 
be regarded as a less satisfactory substitute for 
judicious, properly timed resectional therapy. 


SUMMARY 


Two hundred operations were performed on 
ISS noninfectious tuberculous patients with 
‘avitary residual lesions. Follow-up study from 
three to fifty-seven months showed about equal 
results in the initially treated and re-treatment 
groups so long as there was adequate drug con- 
trol. At this time, 175 (93.1 per cent) appear 
to be free from disease as a result of surgery and 
limited postoperative antimicrobial therapy, 
with a total of 7 deaths and 14 reactivations. 

This regimen of resecting cavitary residual 
lesions appears preferable to long-term anti- 
microbial therapy alone. It allows a_ high 
incidence of early reactivations and a late in- 
cidence equivalent to, or higher than, that re- 
ported here. 


q 
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SUMARIO 


La Reseccién Terapéutica para las Lesiones Tuber- 
culosas Cavitarias No Infecciosas Residuales 


Se ejecutaron 200 operaciones en ISS tuberculo- 
sos no infecciosos que tenian lesiones cavitarias 
residuales. E] estudio subsiguiente durante tres a 
cincuenta y siete meses revelé resultados aproxi- 
madamente iguales en los grupos tratados inicial- 
mente y en los re.tratados en tanto habia adecuado 
dominio terapéutico. En la actualidad, 175 (93.1 
por ciento) parecen hallarse exentos de la enferme- 
dad a consecuencia de la cirugia v de una limitada 
terapéutica antimicrobiana postoperatoria, con 
un total de 7 defunciones yv 14 reactivaciones. 

este régimen de resecar las lesiones cavitarias 
residuales en el ‘‘punto focal”? parece preferible a 
la terapéutica antimicrobiana a largo plazo por 
si sola, que permite una alta incidencia de reacti- 
vaciones tempranas y una incidencia tardia 
equivalente ala presentada aqui, sino més alta. 


ReSUME 


Traitement par résection dans les cas de cavernes 
tuberculeuses résiduelles, non infectées 


Deux cent opérations furent effectuées chez 
ISS malades ayant comme lésions résiduelles des 
cavernes non infectées. Des études poursuivies 
pendant trois & cinquante sept mois montrérent 
des résultats a peu prés identiques chez les groupes 
traités initialement et ceux re-traités A condition 
qu'il y eut un contréle convenable par le traite- 
ment. Au moment de l'étude, 175 (93,15 ap- 
parurent guéris A la suite de l’opération et d’une 
thérapeutique antimicrobienne limitée, postopéra- 
toire avee un total de sept morts et quatorze 
réactivations. 

Ce traitement par résection cavernes 
résiduelles semble préferable a un seul long traite- 
ment antimicrobien avee lequel il v a une grande 
fréquence de réactivations précoces et de réac- 
tions tardives supérieures ou égales a celles rap- 
portées dans cette étude. 


des 
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Fic. 1. Seventeen-year-old Negro male; onset of disease in March, 1953. The patient received strep- 
tomycin, isoniazid, and PAS from May, 1953, until six months after surgery. His sputum was ‘positive 
for tubercle bacilli before admission, but never since then. He had a left pneumonectomy on October 
1, 1956. A. Roentgenogram, September 28, 1954, showing ‘‘vanishing’’ lung on the left and granular, 
almost miliary, disease on the right. B. Roentgenogram, August 17, 1959. The patient remains asympto- 
matic and at full-time manual labor. 
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Fig. 2. Seventeen-year-old white female; onset of disease in 1949. The patient has a small lesion at 
the right apex. A. Roentgenogram, December 9, 1949. The patient received no antituberculous drugs, 
but pneumoperitoneum was continued for three years. B. Roentgenogram, February 24, 1954, showing 
reactivation with sputum positive for tubercle bacilli. She was readmitted to the hospital in October, 
1954. Isoniazid and PAS were started and, in July, 1955, streptomycin was added. The last culture 
positive for tubercle bacilli was obtained in December, 1955. C. Roentgenogram, July 26, 1956, showing | 
residual pneumonic and cavitary lesions bilaterally. A left upper lobectomy was performed on July 
27, 1956, and a right upper lobectomy, on December 14, 1956. Drugs were continued eight months post - 
operatively. D. Roentgenogram, July 30, 1957. The patient remains asymptomatic, has two children, 


and does full housework. 
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Fic. 3. Forty-eight-year-old white male epileptic. First admission to the hospital was on October 2, 
1951; he remained until December 1, 1953. The patient received streptomycin-PAS and pneumoperito- 
neum. A. Roentgenogram, January 25, 1952. The patient was readmitted on October 6, 1954, and was 
re-treated with streptomycin-PAS; his sputum became noninfectious in August, 1956. B. Roentgeno- 
gram, April 6, 1957, two days prior to left upper lobectomy and wedge resection of apex of left lower 
lobe. C. Roentgenogram, April 22, 1957, showing initial favorable response, although residual fibrosis 
is evident. Massive spread occurred two months postoperatively. Sputum became positive for tubercle 
bacilli which were culturally resistant to streptomycin and PAS. Completion pneumonectomy and 
thoracoplasty were performed on February 2, 1959, with preoperative addition of isoniazid, cycloserine, 
and pyrazinamide. Cycloserine was discontinued after six weeks because of nausea and vertigo, and 
pyrazinamide was discontinued after five months. D. Roentgenogram, July 8, 1959, five months post- 
operatively. All bacteriologice studies are negative and the patient remains asymptomatic. The bron- 
chiectatice lesion of the right upper lobe remains stable. 
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THE CALCIFIED HILAR NODE: ITS SIGNIFICANCE AND MANAGEMENT! 


A Review 
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INTRODUCTION 

Seldom in medicine has such an easily identifi- 
able and potentially destructive lesion as the 
calcified hilar lymph node been given so benign a 
designation. The roentgenographic detection of 
hilar node calcification has received little con- 
sideration other than to suggest that a healed 
inflammatory has become safely in- 
earcerated. True, the calcific focus is chemically 
inert and, for the most part, incapable of stimu- 
lating further tissue reaction. It is, however, the 
force vitale represented by a sharp, hard mass in 
contact with delicate moving intrathoracic 
structures which gives significance to the cal- 
cified hilar node. In the present paper it is 
proposed to explore the mechanism of node 
calcification with the development of related 
secondary disease and, further, to suggest an 
effective employment of diagnostic methods for 
use in the decision as to the necessity for, or 


process 


tvpe of, therapy. 

Tissue necrosis is thought to be a necessary 
precursor to dystrophic calcification. Because of 
alteration in pH, oxygen tension, and other 
little understood phenomena, calcium salts may 
be laid down in these sites in a chemical com- 
position similar to bone. The types of inflam- 
matory lesions which ultimately result in hilar 
node necrosis and calcification usually have their 
origin in intrapulmonary disease states. Pul- 
monary tuberculosis, until recently, was con- 
sidered the usual etiologic factor, but in recent 
vears it has been shown that infections due to 
Histoplasma capsulatum may be a_ frequent 
eause. This may be particularly true in the 
Ohio Valley where histoplasmosis is endemic. 
Baum and his associates (1) have used special 
stains to demonstrate //istoplasma capsulatum 
in an expectorated broncholith which had 
originated as a caleified hilar node. It is their 
opinion that hilar node calcification, at least in 

! From the Department of Thoracic and Cardio- 


vascular Surgery, Huron Road Hospital, Cleve- 
land, Ohio, 


the Ohio Valley, is more often related to histo- 
plasmosis than to tuberculosis. 

The calcified hilar node may be in juxta- 
position to any intrathoracic organ, but those 
most frequently involved are the esophagus, 
superior vena cava, and tracheobronchial tree 
(2). The inflammatory process in the node 
antedating the calcific deposit causes the sur- 
rounding tissue to become adherent to it. Any 
one of several clinically dissimilar situations may 
thereby arise, such as superior caval obstruction, 
traction diverticulum of the esophagus, and 
erosion or compression of a bronchus. Of course, 
since these lesions have a common origin, they 
may occur concomitantly. 


MippLe LoBeE SYNDROME 


The anatomic distribution of hilar and_ peri- 
bronchial lymph nodes is quite variable. How- 
ever, the relation of nodes to the bronchi of the 
middle lobe and the anterior segment of the 
upper lobe remains fairly uniform. Compres- 
sion of either of these bronchi will result in col- 
lapse of the involved lobar segment. The bron- 
chus distal to the obstructed area may undergo 
classic bronchiectatic change because of the in- 
evitable inflammatory change set up in a non- 
draining area. Such involvement of the middle 
lobe with its attendant complications has been 
called the middle lobe syndrome (38, 4). The 
symptomatology associated with this lesion 
consists chiefly of cough, chest pain, and_ re- 
current febrile episodes. Wheezing may be 
localized over the middle lobe if the obstruction 


‘is not complete. Hemoptysis may result from the 


bronchiectatic change or erosion of the bronchus 
by a calcified node. The diagnosis may be con- 
firmed by bronchoscopic and bronchographic 
examination. Extirpation of the involved lobe 
will in most cases result in a complete cure. 
Figure l represents a segment of the chest film of 
a 45-vear-old white female. She had been bothered 
by a cough for twenty vears. The cough was 
intermittently productive of vellowish mucoid 
sputum, and on several occasions there was 
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Fig. 1. Segment of roentgenogram of patient 
with middle lobe syndrome due to obstructing 
‘alcified node. 


frank hemoptysis. She had recurrent ‘‘pleurisy” 
almost vearly and, characteristically, spent eight 
to twelve weeks in bed with respiratory infections 
each winter. She was quite thin and had not been 
able to gain weight. 

She was hospitalized a few weeks after having 
recovered partially from an acute respiratory in- 
fection characterized by cough, right chest pain, 
and elevation of temperature. A chest film dis- 
closed apparent collapse of the middle lobe and 
seattered hilar calcifications. Bronchoscopy re- 
vealed no evidence of an endobronchial lesion; 
the middle lobe orifice appeared open. A broncho- 
gram failed to fill the middle lobe bronchi. 


This was thought to represent a typical middle 
lobe syndrome. Since prolonged conservative 
therapy had been of no help, surgical treatment 
was advised. At the time of surgery, the middle 
lobe was found to be = atelectatic. Multiple 
‘calcified nodes were seen surrounding the middle 
lobe bronchus which had compressed. it and 
‘aused the collapse. The middle lobe was _ re- 
moved. The postoperative course was uneventful. 
In the six months following surgery, the patient 
has completely regained her health. She has 


gained twenty pounds and no longer coughs. 
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BRONCHOLITHIASIS 


A calcified hilar node may erode any portion 
of the tracheobronchial tree, but the most 
common site is the intermediate bronchus. 
Because fragments of these caleareous deposits 
may break off and be coughed up and expecto- 
rated, they have been called bronchial stones or 
broncholiths. Metastatic calcification due to 
metabolic abnormalities and senile calcification 
of bronchial cartilage may result in broncholithi- 
asis. However, dystrophic calcification in a hilar 
node and its ultimate bronchial erosion is by far 
the most common etiologic factor. 

In 1744, this condition was described by the 


Dutch physician Boerhaave (5). Only 142 cases: 


had been reported in the world literature by 
1954. This paucity of cases is by no means an 
indication of the true incidence of the disease. 
Substance is given this latter impression by the 
experience of Groves and Effler, who have 
reported their surgical experience in 27 cases ac- 
cumulated over a perod of only a few years (6). 

Erosion of the bronchus may come about by 
one of two basic mechanisms: (a) alternate 
elongation and = shortening of the bronchus 
during respiration, and (6) infection and sup- 
puration in the region of a previously located 
hilar calcification. This latter concept is not as 
soundly based on fact as the former and, indeed, 
may be spurious. If a broncholith is large enough 
to cause bronchial obstruction, the distal tracheo- 
bronchial tree may run the gamut of inflam- 
matory change from simple bronchitis to bronchi- 
ectasis and lung abscess. Some observers have 
interpreted this situation to indicate that the 
calcific deposit is secondary to the inflammatory 
change (7). The unlikeliness of the validity of this 
concept is readily apparent. 

The eroding mass presents on the endo- 
bronchial surface and in actuality represents a 
foreign body. It has been likened to an iceberg 
with the submerged portion of the berg anal- 
ogous to the extraluminal portion of the stone. 
From time to time, fragments of the stony node 
may break off and suddenly present in the 
oropharynx after a paroxysm of coughing. 
Careful questioning will often elicit the history 
of expectoration of a gritty substance. At times 
the patient will save this substance and bring 
it to the physician for examination. During the 
course of erosion there may be recurrent hemop- 
tysis. Chronic cough and symptoms due to a 
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distal inflammatory process are the usual findings. 
Repeated respiratory infections and areas of lobar 
or segmental consolidation visible on roentgenog- 
raphy may suggest the possibility of a broncho- 
genic carcinoma. Bronchiectasis of severe degree 
often develops in the distal tree because of par- 
tial proximal obstruction. 

The initial step in arriving at a correct diag- 
nosis is an awareness of the clinical entity. In 
the patient with roentgenographic evidence of 
hilar node calcification and symptoms and 
signs as described, there are several helpful 
diagnostic steps which may be taken. Bronchos- 
copy is of inestimable help. The broncholith 
may be seen impinging upon the bronchial 
lumen, resembling very closely a bronchogenic 
carcinoma. A biopsy can be obtained easily 
which on histologic examination discloses the 
presence of marked inflammatory change and 
calcareous substance. Bronchography is usually 
accomplished at the same time, and impingement 
of the bronchial lumen often may be nicely 
demonstrated. This study will also afford evalu- 
ation of the tracheobronchial tree distal to the 
broncholith with respect to the presence of bron- 
chiectasis, since this is a necessary consideration 
in treating this ailment. Laminagraphy has been 
very helpful in assessing the over-all problem. 

Careful technique will afford an excellent view of 
the ealcified node as it presses upon the bronchus. 

The treatment of broncholithiasis is surgical 
(S). Some reports of bronchoscopic removal of 
the stone have been recorded, but this obviously 
is a technique fraught with danger and_ in- 
herently inadequate. If the entire stone is_re- 
moved via the bronchoscope—a_ virtual im- 
possibility —it will leave a hole in the bronchus 
which is tantamount to a bronchopleural fistula. 
This complication, of course, may be a condition 
worse than the original disease process. Trans- 
pleural exploration offers the soundest, safest, 
and most effective form of therapy. If bronchi- 
ectasis has been demonstrated by the previous 
studies, excision of the involved lobe or segment 
and removal of the calcified node are indicated. 
Failure to remove the calcareous substance 
after lobectomy or segmentectomy may allow the 
bronchial stump to remain in contact with the 
hard node. This is an invitation to a persistent 
bronchopleural fistula. Ciosure of the fistula may 
depend on the removal of the calcific mass. 

If the bronchial tree has not been irreparably 
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damaged by bronchiectasis, it may be possible 
to excise the broncholith and allow the lung to 
remain intact. The resultant defect in the 
bronchus can be sutured directly and reinforced 
with a pedicle graft of pleura. This is the ideal 
form of treatment since it does not require the 
excision of lung tissue (9). However, in certain 
situations it may not be technically possible to 
remove the stone alone, and pulmonary tissue 
must be excised. It would seem, however, that 
an aggressive surgical attack early in the course 
of the illness will preclude the necessity for 
resection in many cases. In_ well-established 
cases when there is multiple node calcification, 
the actual surgical technique of lobectomy is 
often quite difficult as the nodes are intimately 
fixed to arteries, veins, and bronchi. Tissue 
cleavage plains are nonexistent and the dis- 
section thereby becomes laborious and_ pro- 
longed, but this does not necessarily preclude an 
excellent clinical result. 

The problem presented by erosion of calcified 
node into the tracheobronchial tree is represented 
in figures 2, 3, and 4. 


This patient, a 45-year-old white female, had 
been treated for asthma for vears. She was chroni- 
eally ill, thin, and had been subject to frequent 
paroxysms of coughing. She also complained of 
dysphagia. The pain appeared to be located in the 
midline at about the level of the fifth rib an- 


Fia. 2. Chest film of patient with scattered hilar 
calcification, severe cough, hemoptysis, and 
‘‘asthmatic’’ history. 
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Fig. 3 (Left). Laminagram through right hilus showing bronchial impingement by calcified nodes. 
Fic. 4 (Right). Bronchogram showing narrowing of bronchus due to calcified node. Complete recovery 
followed transpleural removal of stone and repair of bronchus. 


teriorly. There had been two episodes of severe 
incapacitating pain in this region which resembled 
myocardial infarction. Occasionally there had 
been hemoptysis and on two instances the patient 
had coughed up some ‘‘gritty’’ particles. The few 
weeks prior to admission to the hospital had been 
associated with an increase in all symptomatology. 
She had been febrile and coughed repeatedly. A 
chest film disclosed a density in the region of the 
superior segment of the right lower lobe which 
some examiners interpreted as neoplasm. Bron- 
choscopy disclosed diffuse tracheobronchitis and 
narrowing of the intermediate bronchus. A mass 
‘‘peeking’’ through the mucosa was noted which 
obscured the superior segmental orifice. A biopsy 
taken at this point’ was interpreted as showing 
chronic inflammatory change and _ calcareous 
substance. Bronchograms and laminagrams further 
delineated the broncholith and its relation to the 
bronchus. 

The patient received antimicrobial therapy 
appropriate for the organism cultured from the 
tracheobronchial secretions. Intermittent positive 
pressure breathing therapy, high humidity, and 
other measures were instituted to improve the 
inflammatory component in this illness. Surgery 
was advised and carried out. At thoracotomy, the 
superior segment of the right lower lobe was col- 
lapsed and hard. A biopsy was taken which, on 
frozen section, revealed pneumonitis. A hard 
calcific mass was visualized which had eroded into 


the intermediate bronchus. Careful dissection was 
carried out and the calcified node removed. A 
diverticulum of the esophagus was found stuck 
to the calcified node. This was dissected free, 
amputated at its mouth, and the esophagus was 
closed in layers. After dissection, a moderately 
large hole in the posterior wall of the bronchus was 
left, as it had completely eroded this area. The 
bronchus was mobilized and sutures were placed 
in edges of the defect which was closed in a trans- 
verse fashion to avoid compressing the lumen. A 
pedicled graft of parietal pleura was fashioned 
and swung over the bronchus to reinforce this 
area. This was tacked to the bronchus with several 
interrupted sutures. 


The patient’s postoperative course was com- 
pletely uncomplicated. In the next few months 
she rapidly gained weight and has lost her cough. 
Her “asthma” no longer troubles her. The dys- 
phagia is completely relieved and she volunteered 
that swallowing is normal for the first time in 
many years. 

A curious complication of a broncholith is 
illustrated in figure 5. 


The patient was a 65-year-old man who had been 
admitted several times to the hospital with 
complaints of cough, wheezing, and febrile epi- 
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Fic. 5 (Left). Laminagram showing stone and bronchus. Previous resection of middle and right lower 
lobes. A bronchopleural fistula developed and closed after expectoration of broncholith. 
Fic. 6 (Right). Expectorated broncholith (enlarged). 


sodes. Bronchoscopy revealed the presence of 
polypoid tissue in the lower lobe bronchus. Much 
of this tissue was removed transbronchoscopically 
with the biopsy forceps, with considerable im- 
provement. However, recurrence was prompt, as 
demonstrated by repeat bronchoscopy. He was 
readmitted with severe chest pain, elevation of 
temperature, and cough. A chest film disclosed 
apparent collapse of the right lower lobe. Thora- 
cotomy Was carried out several days later, and the 
middle and lower lobes were removed. Dissection 
was difficult because of the presence of many 
_ealeified peribronchial nodes. bronchopleural 
fistula developed about ten days following sur- 
gery. A rib resection and insertion of a tube into 
the space was carried out to decompress the fistu- 
lous pocket. The fistula was extremely stubborn 
and, not until several months later—following a 
severe bout of coughing during which the bron- 
cholith pictured in figure 6 was expectorated—did 
it close. 


This experience has stressed the importance 
of removing completely the calcareous substance 
surrounding a bronchial stump following pneu- 
monectomy or lobectomy for any cause. 


ESOPHAGEAL DIVERTICULUM 


Traction diverticuli of the esophagus usually 


occur at the level of the bifurcation of the 


trachea and point anteriorly. These pockets 
which originate from traction by an inflamed 
lymph node are, like the calcified hilar node, 
given little consideration. Careful interrogation 
of the patient will often vield a history of dys- 
phagia and recurrent severe chest pain. The 
latter may be intense enough to mimic myo- 
‘ardial infarction. | 

During the initial period of lymphadenitis, 
the surrounding tissues become fixed together. 
As the node becomes calcified, it may be stuck 
fast to a diverticulum on one front and to a 
bronchus on the other. Erosion of both of these 
viscl may result in a free communication, in 
which event bronchoesophageal fistula is 
established wherein the patient may cough 
following swallowing. Kidd and Christopherson, 
in 1951, wrote concerning the “chance” co- 
existence of broncholithiasis broncho- 
esophageal fistula (10). This, the writers believe, 
was actually the clean-cut consummation of a 
single disease entity: hilar node inflammation 
and calcification. Credence is added to this 
concept by the report of Katz, who noted five 
instances of esophageal diverticuli in eighteen 
‘ases of middle lobe syndrome (11). This was the 
first time that the relation of these lesions was 
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Fig. 7 (Left). Chest film of patient with middle lobe inflammation secondary to bronchoesophageal 


fistula. Hilar calcification is noted. 


Fic. 8 (Right). Barium swallow demonstrating diverticulum and communication with middle lobe 


bronchus. 


suggested. Both lesions were produced by node 
calcification. 

A bronchoesophageal fistula, presumably the 
result of an eroding calcified node, is represented 
in figure 7. 


The patient, a 67-year-old white female, had 
been well until eighteen months prior to admis- 
sion to the hospital. A hacking cough began which 
was largely nonproductive. This was followed 
shortly thereafter by coughing up some ‘‘stony”’ 
material. Following this, she coughed in paroxysms 
after drinking or ingesting food. She had repeated 
febrile episodes and lost weight steadily. The 
symptoms continued to progress for more than a 
vear. A chest film disclosed the presence of density 
in the region of the middle lobe. A barium swallow 
outlined a diverticulum and showed communica- 
tion with the middle lobe bronchus (figure 8). A 
diagnosis of bronchoesophageal fistula was made 
and surgery was advised At thoracotomy, an 
esophageal diverticulum was found bound to the 
middle lobe bronchus. This was dissected free, 
amputated, and the esophagus was closed in 
lavers. The middle lobe was the site of a diffuse 
inflammatory process. Middle lobectomy was 
accomplished without incident. The patient made 
an uneventful recovery and has remained com- 
pletely well since surgery. 


It is presumed that the fistula developed 
from apposition of the diverticulum to the 
calcified node posteriorly and the middle lobe 


bronchus anteriorly. The stone eroded the 
bronchus and was expectorated. The many. 
scattered hilar calcifications and the history 


lend substance to this hypothesis. 


The detection of an esophageal diverticulum 
in the midportion of the esophagus is quite 
‘asily accomplished by fluoroscopy following a 
swallow of barium. It may prove helpful to 
study the patient in the prone position to allow 
the diverticulum the aid of gravitational force 
in filling. One swallow of barium may delineate 
the fistula and outline the bronchi in the case 
of a communication between the esophagus and 
tracheobronchial tree. Visualization of the 
diverticulum may be accomplished by esophagos- 
copy. The treatment of a symptomatic eso- 
phageal diverticulum is surgical. A transpleura! 
approach with the dissection of the diverticulum 
is carried out. It is then resected and the wall 
of the esophagus approximated. 

In several patients subjected to surgery for 
broncholithiasis, the writers have found an 
esophageal diverticulum bound to the offending 
‘alcified node. Resection of the diverticulum and 
removal of the mass have resulted in rather 
striking clinical improvement. On questioning 
these patients postoperatively, many annoying 
symptoms clearly due to the esophageal di- 
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verticulum were noted to have been eliminated. 
How easy it is to group the symptoms related to 
swallowing into a convenient compartment such 
as globus hystericus or neuromuscular dys- 
function! These experiences suggest that a new 
look be taken at this lightly regarded lesion. 


SUPERIOR VENA CAVAL OBSTRUCTION 


Frank obstruction of the superior vena cava 
may occur by compression from calcified nodes. 
Again the pathogenesis of node calcification is 
similar. The superior cava is easily compressible, 
yet has little room for displacement. The clinical 
picture of caval occlusion is well known since it 
is seen frequently as a result of bronchogenic 
carcinoma. The veins of the head, neck, and 
upper extremities are dilated and the venous 
pressure is markedly elevated. A simple veno- 
gram, accomplished by injecting the right 
antecubital fossa with a radiopaque dye, will 
clearly demonstrate the site of caval obstruction. 
Often, on a plain chest film a calcific mass can 
be visualized in juxtaposition to the superior 
eava. The calcified node which is located in such 
a position to embarrass caval drainage also 
endangers the trachea’ right 
main stem bronchus. Irritation of the trachea 
has, in the writers’ experience, caused such a dis- 
tressing cough that the patient 
medical help shortly after the onset of symptoms. 
Several of these patients have been observed 
who complained of cough On turning the head, 
presumably thereby increasing the impingement 
on the trachea. 

The caval obstruction may be partial, as 


frequentiy 


has sought 


manifested by a slight rise in the venous pressure 
in the upper extremities. In these situations the 
mass ean usually be dissected free of the sur- 
rounding tissues without great difficulty. It is 
urgently recommended that these lesions be 
excised before complete caval obstruction occurs. 
If the mass so intimately encircles the cava that 
resection of a portion of the vessel is necessary, 
it may have to be repaired by end-to-end anasto- 
mosis or the insertion of a graft. While the writers 
have had no graft for caval 
obstruction, it has been accomplished by others 
many times. Allansmich and Richards have 
reviewed this technique in a recent article (12). 

Partial 
figure 9. 


occasion to 


‘aval compression is represented in 


A 49-vear-old male was admitted to the hospital 
with a history of frequent severe paroxvsms of 


STORER AND SMITH 


Fic. 9. Large calcified node compressing the 
superior vena cava and causing paroxysms of 
coughing. Relief of symptoms followed excision of 
the mass. Venous pressure returned to normal. 


coughing. The coughing was often precipitated by 
change in position or movements necessary in 
his capacity as a freight handler. He coughed 
every morning while shaving his neck. He had 
been seen by many physicians without diagnosis 
or effectual treatment and had been advised, 
finally, to seek psychiatric help. 

On physical examination, some prominence in 
the veins of the upper extremities was noted. 
Cough could also be precipitated by extension of 
the head. A chest film disclosed the presence of a 
‘calcific Mass in juxtaposition to the trachea. A 
tracheogram clearly revealed erosion of the 
tracheal cartilages by this mass. It was thought 
that the entire symptom complex was due to 
tracheal compression and erosion and slight caval 
compression. Surgery was advised and accepted. 
At operation, a firm whitish mass, 3 cm. in diam- 
eter, was found which lav anterolateral to the 
trachea and in proximity to the superior vena 
cava. There was moderate compression of the 
‘ava. A large part of the mass extended below the 
carina, but sharp dissection of the fibrous pseudo- 
capsule allowed complete removal of the mass. 


The patient’s recovery was uneventful and 
his formerly distressing symptomatology is no 
longer present. 

In figures 10 through 13 are demonstrated in- 
volvement of the bronchus, esophagus, and supe- 
rior vena cava, in sequential order. In figure 12, 
in addition to compromising the superior vena 
‘ava, the calcific mass has impinged upon the 
right main stem bronchial stump and produced a 
fistula. The original surgery should have included 
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Fie. 10 (Top left). A 63-vear-old white male with far advanced bronchiectasis of right lower lobe 
secondary to obstruction of bronchus by calcified node. Middle lobe bronchus not filled. This patient 
was advised to submit to surgical treatment, but refused. 

Fig. 11 (Top right). Roentgenogram demonstrating esophageal diverticulum attached to calcified 


hilar node. 


Fig. 12 (Lower left). Caleified node causing complete caval obstruction and bronchopleural fistula. 


Previous surgery precludes possibility of removal. 


Fig. 13 (Lower right). Column of dye obstructed at the superior cava by calcified node. 


excision of this material, which would have pre- 
vented the debility associated with a broncho- 
pleural fistula in a pneumonectomized patient. In 
figure 13, a venogram shows obstruction at the 
caval level. 


* * * 


The writers believe that an unrealistic attitude 
of complacency exists concerning the calcified 


hilar node. An ostrich-like policy of “head in 
sand” fails to dispell the fact that hilar caleifi- 
‘ation can and frequently does produce significant 
disease. It is thought that clinical awareness of 
this potential as well as continued careful ap- 
praisal of the patient’s complaints may disclose 
a relation between lymph node calcification and 
clinical state. With a free use of the available 
diagnostic tools, a valid conclusion may be 
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reached and effective, aggressive therapy insti- 
tuted. 


SUMMARY 

Calcification of mediastinal lymph nodes is a 
common occurrence. It is noted in patients after 
the appearance of certain granulomatous lesions. 
Although it had been commonly thought that 
tuberculosis was the most frequent cause, this is 
not necessarily true in certain localities where, 
on careful examination of calcified nodes, //isto- 
plasma capsulatum has been found. The active 
lesion of histoplasmosis is characteristically the 
site of calcific deposition in its end stage. Where- 
as the inactivity of such a lesion is obvious, it 
presents, nonetheless, a potentially hazardous 
situation. 

Irrespective of initial cause, the phenomena 


which may transpire depend upon the anatomic 


location of the calcified nodes. Nodes in contact 
with a bronchus may gradually erode its wall. 
In other instances the node may compress the 
bronchus and produce atelectasis. Traction 
diverticulum of the esophagus and compression 
of the superior vena cava are the remaining 
possible manifestations. The clinical picture 
with each lesion is clearly recognizable and in 
most cases can be satisfactorily managed. The 
patient with hilar node calcification should be 
studied with respect to the possible related 
clinical manifestations. A chronic cough or 
dysphagia should not be lightly regarded. Either 
of these symptoms may be due to calcified nodes. 
Special studies such as bronchography or laminag- 
raphy may demonstrate the anatomic relation 
of node and bronchus, esophagus or vena cava. 
A high degree of awareness must be maintained 
in order that effective therapy be instituted. 
The tendency in the past has been to overlook 
the pathogenic possibilities of calcified hilar 
nodes. This attitude is not justified by fact. As 
in many situations, early aggressive treatment 
will often preclude the development of the 
disastrous complications which are so often the 
result of prolonged conservative management. 
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El Ganglio Hiliar Caleificado: Su Importancia y 
Asistencia (Resena) 


La calcificacién de los ganglios linfaticos del 
mediastino es un acontecimiento comin, notandose 
en los enfermos después de la aparicién de ciertas 


STORER AND SMITH 


lesiones granulomatosas. Aunque se habfa crefdo 
generalmente que la tuberculosis era la causa mds 
frecuente, no es éste el caso forzosamente en cier- 
tas localidades, en las que, al hacerse un examen 
detenido de los ganglios calcificados, se ha descu- 
bierto el Histoplasma capsulatum. La lesién activa 
de la histoplasmosis es tipicamente el asiento de 
depésitos caleiferos en perfodo terminal. 
Aunque la inactividad de una de esas lesiones es 
manifiesta, crea, no obstante, una situacién po- 
tencialmente peligrosa. 

Independientemente de la causa inicial, los 
fendmenos que pueden sobrevenir dependen de la 
localizacién anatémica de los ganglios calcificados. 
Los ganglios en contacto con un bronquio pueden 
paulatinamente desgastar la pared. En otras 
ocasiones, el ganglio puede comprimir el bronquio 
y producir atelectasia. 1] diverticulo por traccién 
del es6fago y la compresién de la vena cava supe- 
rior son las restantes manifestaciones posibles. E] 
cuadro clinico de-cada lesién es netamente recono- 
cible y puede atenderse satisfactoriamente en la 
mayoria de los casos. kl enfermo que tiene calci- 
ficacién de los ganglios hiliares debe ser estudiado 
con respecto a las posibles manifestaciones clinicas 
relacionadas con el caso. No debe pasarse a la 
ligera una tos o disfagia crénica. Cualquiera de 
esos sintomas puede deberse a ganglios calcificados. 
studios especializados, tales como la_ bronco- 
grafia o la laminografia, pueden revelar la relacién 
anatémica del ganglio y del bronquio, eséfago o 
vena Cava. 

A fin de aplicar una terapéutica efieaz, hay que 
mantener una vigilancia extremada. En el pasado, 
la tendencia ha sido hacia desatender las posibili- 
dades patégenas de los ganglios hiliares calcifica- 
dos. Esta actitud no est& justificada por los 
hechios. Lo mismo que en otras muchas situaciones, 
el tratamiento osado temprano impediraé a menudo 
la aparicién de las desastrosas complicaciones que 
son tan frecuentemente la consecuencia de la pro- 
longada asistencia conservadora. 


RESUME 


Ganglion calcifié du hile. Sa signification et conduite 
a tenir. Une revue 


La calcification des ganglions Ivmphatiques 
médiastinaux est d’une fréquence banale. C'est 
noté chez les malades aprés l’apparition de cer- 
taines Iésions granulomateuses. Bien qu’on ait 
pensé communément que la tuberculose en était la 
cause la plus fréquente, ce n’est pas nécessaire- 
ment vraie dans certaines localités ot, a l’examen 
minutieux des ganglions calcifiés, Histoplasma 
capsulatum a été trouvé. La lésion active de lhis- 


toplasmose est d’une facon caractéristique le 
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siege de dépét de calcium son stade terminal. 
Bien que l’inactivité d’une telle lésion est évidente, 
elle présente néammoins une situation qui peut 
étre dangereuse. 

Sans compter la cause initiale, le phénoméne qui 
peut en résulter dépend de la localisation ana- 
tomique des ganglions calcifiés. Des ganglions en 
contact avec une bronche peut |’éroder petit a 
petit. Dans d’autres circonstances, le ganglion 
peut comprimer la bronche et produire une atelec- 
tasie. D’autres manifestations possibles sont le 
diverticule de |’oesophage par traction et la com- 
pression de la veine cave supérieure. Le tableau 
clinique de chaque lésion est aisément reconnais- 
sable et dans la plupart des cas peut étre traité 
d’une fagon satisfaisante. Le malade ayant des 
calcifications des ganglions du hile devrait étre 
examiné en ayant dans l’esprit les manifestations 
cliniques possibles ci’dessus énongées. I] ne faut 
pas sous-estimer une toux chronique et une dys- 
phagie. L’un ou l’autre de ces symptémes peut 
étre du 4 des ganglions calcifiés. Des études spécia- 
les telles qu’une bronchographie ou une tomo- 
graphie peuvent mettre en évidence la relation 
anatomique d’un ganglion et d’une bronche, de 
l’oesophage et de la veine cave. 

I] faut garder un haut degré de suspicion de 
fagon a instituer une thérapeutique efficace. Dans 
le passé on a eu tendance a négliger les possibilités 
pathogeniques des ganglions hilaires calcifiés. 
Cette attitude n’est en fait pas justifiable. Comme 
dans beaucoup de situations, un traitement pré- 
coce agressif évitera souvent le développement de 
complications désastreuses qui sont si souvent le 
résultat d’une conduite conservatrice prolongée. 
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IN THE THERAPY OF CAVITARY PULMONARY TUBERCULOSIS 


X. A Report of the Veterans Administration-Armed Forces Cooperative Study':? * 
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INTRODUCTION 


Cyeloserine, D-4-amino-3-isoxazolidine, 
discovered in 1954 (1, 2) and found to be a 
broad-spectrum antimicrobial with a relatively 
weak antituberculous effect in vitro in 
experimental tuberculous infections (3-7). Vari- 
ous clinical studies have indicated that it pos- 
sesses some therapeutic value in the management 
of human tuberculosis (8-10). controlled 
clinical trial to compare its effect with that of 
isoniazid-PAS indicated that, when used alone 
in a dose of 1.0 gm. per day, it was decidedly 
less effective than isoniazid-PAS and considerably 
toxic (11, 12). Evidence has been presented that 
eycloserine at a dose of 0.5 gm. per day along 
with 300 mg. of isoniazid per day may be an 
effective therapeutic regimen (13, 14). 

The Veterans Administration—-Armed Forces 
Cooperative study group undertook a study of 
the clinical efficacy of an isoniazid—cycloserine 
regimen in the treatment of cavitary pulmonary 
tuberculosis. The purpose of the study was to 
determine whether this regimen was as effective 
as isoniazid-PAS and whether reduction of the 
dose of cycloserine to 0.5 gm. per day would 
eliminate or reduce its toxicity. To this end, the 
effect of the regimen isoniazid—cycloserine was 
compared with that of the regimen isoniazid~ 
PAS when given to contemporaneously treated 
groups of patients with comparable disease. 


Was 


1 From the Veterans Administration Hospital, 
Baltimore, Maryland. 

2 This report was prepared by the writer at the 
request of the Executive Committee of the Confer- 
ence on Chemotherapy of Tuberculosis, Veterans 
Administration—Armed Forces. 

’ Preliminary presentations of this report were 
made at the Seventeenth and Eighteenth Veterans 
Administration-Armed Forces Conferences on the 
Chemotherapy of Tuberculosis in 1958 and 1959. — 

‘The names of the hospitals which have par- 
ticipated in this cooperative study are listed 
under ‘‘Acknowledgments’’ at the end of the 
article. 
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MATERIAL AND METHODS 


Fourteen Veterans Administration hospitals 
participated in this study, each contributing cases 
to both regimens involved. The study was con- 
trolled by the method of random allocation of 
regimens based, at first, upon the hospital registry 
number system and subsequently upon a sealed 
envelope system of allocation. Approximately half 
of the cases were randomized by each method. 

Only patients who had cavitary disease, whose 
sputum contained tubercle bacilli, and who had 
not previously received antimicrobial therapy for 
tuberculosis were included in the study. Patients 
with histories of convulsions or psychosis, with 
marked impairment of renal function, or with 
bromsulphothalein retention of more than 7 per 
cent were excluded from the study. 

There were actually two separate simultaneous 
studies carried out, one addressed to the compari- 
son of two regimens, isoniazid-cvcloserine and 
isoniazid~PAS; and the other to a comparison 
among three regimens, isoniazid—cycloserine, 
isoniazid~PAS, and isoniazid—pyvrazinamide. The 
patients from both studies who were treated with 
isoniazid-—cycloserine or isoniazid—~PAS have been 
combined to yield the data of the present report. 
However, patients who were treated with isoni- 
azid—pyrazinamide will not be considered further 
in this report. 

The dose of cyeloserine® employed was 0.5 gm. 
per day, in a 250-mg. dose given every twelve 
hours. The dose of isoniazid was 300 mg. per day, 
given as 100 mg. three times daily. The dose of 
PAS was 12 gm. of the acid or its equivalent per 
day, 4 gm. three times daily. 

The background data of the patients admitted 
to study are shown intable 1. The extent of disease 
at the time of admission to the study is shown in 
both the standard National Tuberculosis Associa- 
tion terminology and in the Veterans Administra- 
tion-Armed Forces system which is based on the 
size and the number of cavities present. It will be 
noted that the patients on the two regimens were 
quite similar, but the section on extent of disease 
deserves some comment. There were slightly more 
far advanced cases.and slightly more cases of large 
single cavities in the isoniazid—PAS group but, on 
the other hand, there were more patients with 


°> The cycloserine used in this study was gener- 
ously supplied as Seromycin by Eli Lilly and Com- 
pany, Indianapolis, Indiana. 
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TABLE 1 
BacKGROUND Factors aT START OF CHEMOTHERAPY 
Regimen 
Background Factors Isoniazid-PAS Isoniazid-Cycloserine 
Number Per Cent Number Per Cent 

244 70 240 68 
Lung involvement: Total known........... | 367 100 363 100 
| 257 70 | 242 67 

Extent of disease, group, and cavitation: | 
Moderately advanced, total.............. | 128 35 134 37 
Group II (single cavity)*.............. 78 21 | 90 25 
| 26 7 | 22 6 
© (40 em. or more). 0 0 | 0 0) 
Group III (multiple cavities).......... 43 12 | 41 11 
OF 35 10 26 7 
(25-65 | 8 2 13 4 
169 oh. oF Mare)... 0 0 0 0 
Par | 237 65 | 228 63 
Group II (single cavity)............ 62 17 44 12 
oF 20 5 | 12 3 
12 3 | 11 3 
(6.6 oF mete)... 28 | 21 6 
Group III (multiple cavities)........ 166 45 | 177 49 
OOM.) 56 | 15 | 57 16 
C (6,0 of meee)... 67 | 18 81 22 


-* In the Veterans Administration-Armed Forces system of classification, Group I refers to no cavity 
Group II, to single cavity; and Group III, to multiple cavities. Noncavitary cases were excluded by 


the terms of the protocol. 


multiple cavities and more with multiple large 
cavities in the isoniazid—cycloserine-treated group. 
As it turns out, however, these differences did not 
exert significant influence on the results of the 
study. 

The status of chemotherapy of all cases and the 
reasons for loss of cases from the study are shown 
in table 2. It will be noted from the table that the 
study was divided into two four-month observa- 
tion periods. There were 368 isoniazid—PAS- 
treated cases observed and reported during the 
first four months, compared with 364 isoniazid- 
cycloserine cases. There were 280 isoniazid—PAS 
and 284 isoniazid—cycloserine cases during the sec- 


ond four-month period on which reports were 
received. 


RESULTS 
Roentgenographic Change 

The total experience with respect to roentgeno- 
graphic change is shown in table 3. The films 
were evaluated and reported by the staff of the 
participating hospitals. 

In terms of moderate or marked improvement, 
there was little inter-regimen difference for either 
observation period for the total number of cases. 
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TABLE 2 


STATUS OF CHEMOTHERAPY 


Isoniazid-PAS 


Months of Observation 
0-4 Months | 5-8 Months 
Isoniazid- 
Cycloserine 


lsoniazid- 
Cycloserine Isoniazid-PAS 


Number Per Cent Number Per Cent Number Per Cent Number Per Cent 


Total causes observed 368 
Chemotherapy continuing, protocol . . 294 
Chemotherapy changed, total... 40 
Toxicity to: Isoniazid 
PAS | 29 
eveloserine. 0) 
hot specified 
Resistance to: isoniazid. . 
PAS , Q) 
eyvcloserine 0 
not specified ee 0 
Worsening by: roentgenography 0) 
both | 
No improvement: roentgenographic 0 
bacteriologic | 0 
both 
not specified l 
Surgery 7 ] 
Other, not further specified. ..... 6 
Chemotherapy stopped, total... 34 
Maximal benefit, or completion of 
study protocol....... 0 
Death from any cause , 7 
Premature discharge.............. 25 
Other, not otherwise specified... 2 


*«¢ Less than 0.5 per cent. 


100 


364 100 280 100-284 100 
79 298 81 198 7+ 1 we 60 
0) 14° | 4 | () 0 ae 3 
0 l 4 | 
0 0 0 0 
) 10 3 0 0 | 5 | 2 
a 0) 0 1 a 
() 2 1 0 () 0 0 
0 0 1 a 0 
() 0) 3 1 4 
l a a 1 a 
a a 0 6 2 
0 0) 0) 1 8 4 
o 2 1 14 5 13 5 
2 | 2 1 12 4 16 5 
| 0 0 0 4 
2 3 1 3 1 0 0 
7 25 - 7 35 12 34 12 
0 0) 2 1 a 


This table accounts for all patients who entered the study and shows the reason for discontinuation 


or change of therapy when it occurred. 


However, at the four-month observation point 
more of the patients with large cavities who were 
treated with isoniazid~PAS showed substantial 
improvement (66 per cent of 90 cases) than those 
treated with isoniazid—eycloserine (57 per cent of 
QS cases). 

In the Veterans Administration studies, un- 
favorable roentgenographic progression during 
treatment is shown in two different ways, which 
are not always complementary. If an unfavorable 
change occurs on any film during treatment, it is 
recorded as such separately, regardless of the net 
or over-all change by the end of the observation 


period as compared with the pretreatment film. 
Such observations are recorded under ‘‘Un- 
favorable Roentgenographic Change”’ as in table 
3. On the other hand, at the completion of each 
period of observation, the over-all roentgeno- 
graphic change is indicated either in terms of 
betterment, failure to change, or worsening as 
compared with the pretreatment film. These 
observations, if untoward, are recorded as ‘“‘worse”’ 
in table 3. It is possible that a particular patient 
may appear in both groups, but this is not nec- 
essarily the case. In order to find out how many 
patients actually showed “unfavorable progres- 
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TABLE 3 
ROENTGENOGRAPHIC CHANGE 


Months of Observation 


0-4 Months 5-8 Months 


Isoniazid- iazid- 
Isoniazid-PAS Isoniazid-PAS 4 
serine 


Cycloserine 


Number Number Per Number) et Number 


Cent Cent Cent 
Marked or moderate improvement........... 207 || | 196. «C87 «197 74 «2038 76 
Slight improvement.............. 28, 9 | 27 | 48 18 
Va wh 4 | ] 0 3 
Cavity, 2.0 em. or less, total 144 100 138-100 116 100 116100 
Marked or moderate improvement........... 73 82 71 
Cavity, 2.5-3.5 em., total cases........... _..| 104 | | 100 «100 
Marked or moderate improvement........... 62 | 39 | 59 | 59 | 5&4 74 64 83 
| 25 12 16 12 16 
Cavity, 4.0 cm. or more, total cases.......... 90 100 98 | 100 66 100 67 100 
Marked or moderate improvement......... 5 | 6 | & 57 55 83 53 x0) 

Unfavorable roentgenographic change 

| 

Total canes 368 | 100 | 364 100 280) 28410 

| 


sion roentgenographically,” all patients reported — of disease in the isoniazid—cycloserine group was 
as having shown worsening or unfavorable roent- 7 per cent. | 
genographic change were identified and grouped | 
as shown in table 4. There were 5 patients Treatment Failures | 
among those treated with isoniazid-PAS who A favorable response to treatment for pulmo- 
showed roentgenographic progression of disease nary tuberculosis is ordinarily expressed in terme | 


during the first four months of treatment. There 
were 2 such patients during the fifth to eighth 
months. The incidence of roentgenographic pro- 
gression of disease was 2 per cent in this group. 
Among the isoniazid—cycloserine-treated patients, 
there were 18 in the first four months who showed 
such unfavorable change and additional 
patients during the fifth to eighth months, for a 
total of 24 instances. The incidence of extension 


of symptomatic and roentgenographic improve- 
ment, diminution of cavity size or closure of 
cavities, and reversal of infectiousness. When one 
or more of these events fail to materialize, or 
evidence appears of unfavorable progression of 
the disease, there will be a tendency on the part 
of the attending physician to alter the chemo- 
therapy either by a change in dose of the drugs 
in use or by substitution of other drugs. In the 


TABLE 4 
UNFAVORABLE PROGRESSION OF DISEASE 
ROENTGENOGRAPHICALLY 


0-4 Months 5-8 Months 


Isoni- Isoni- 
azid- zid - 
PAS serine PAS serine 
Roentgenographic 
worsening 4 13 0) 6 
Unfavorable roent 
genographic change l 5 2 0) 
Total roentgeno- 
graphic progression 5 IS 2 6 


This table is construeted from the data of table 
4 to show the total number of patients in each 
regimen who showed roentgenographic extension 
of disease. It differs from table 3 in that the same 
patient does not appear in both categories of 
‘progression. 

Veterans Administration studies, 
such patients are listed as lost to the study by 
virtue of the need for re-treatment. 

Reference to table 2 will show that this 
happened with both drug regimens. For the 
patients treated with isoniazid-PAS, treatment 
had to be changed because of worsening or failure 
of 2 patients to improve during the first four 
months, and of 6 patients during the fifth to 
eighth months, a total of & patients during the 
period of observation. The incidence of treatment 


cooperative 


failure in this group was 2 per cent. 

In the isoniazid-cycloserine group, treatment 
was changed in 17 cases during the first four 
months and in 27 during the fifth to eighth 
months, a total of 44 cases or 12 per cent of the 
364 patients who started treatment with this 
regimen. Of these 44 patients, 19 were removed 
from the study because of worsening under 
treatment and 25 because of failure to improve 
(14 patients) or the appearance of drug resistance 
(11 patients). Included in this group was one 
patient who developed signs of meningitis and 
was found to have tuberculous meningitis after 
one month of treatment with isoniazid—cvclo- 


serine, 


Cavity Closure 


The incidence of cavity closure for all cases 
regardless of cavity size is calculated by the life- 
table method and shown in figure 1. There is a 


PATRICK B. STOREY 


lesser incidence of cavity closure at six and at 
eight months of isoniazid—cycloserine therapy 
than there was with isoniazid~PAS (28 per cent 
versus 31 per cent and 39 per cent versus 44 per 
cent). 

The percentage incidence of cavity closure 
related to cavity size at the start of treatment is 
shown in figure 2. It may also be noted that the 
small difference between the regimens is present 
regardless of cavity size. | 


“Sputum Conversion” 


In all previous reports from the Veterans 
Administration—Armed Forces study group, the 
word “conversion” has been used to indicate 
reversal of infectiousness and has been defined 
as the absence from the bronchial secretions of 
culturable bacilli and acid-fast bacilli on micros- 
copy for three consecutive examinations at least 
one month apart. This is a strict definition and 
leads to some difficulties which may not be 
appreciated by those who use the monthly 
observation system. Three problems in particular 
might be mentioned: 

1. The patient is recorded as not having 
achieved “‘conversion”’ until the third of 
these cultures is reported. Once this point is 
reached, however, the “conversion” is back- 
dated to the first culture negative for tubercle 
bacilli in the series. 
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Fig. 1. Cavity closure of all cavities regardless 
of size. The percentage incidence of cavity closure 
is shown at the top of the bars and is calculated 
by the life-table method. The figures set within 
the bars represent the number of patients still at 
risk at each period of observation, i.e., those who 
had obtained cavity closure are excluded. INH = 
isoniazid; CS = cycloserine. 
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Fic. 2. Cavity closure related to cavity size. 
INH = isoniazid; CS = cycloserine. 


2. Should a patient be lost to study after 
his secretions have become negative for 
tubercle bacilli but before he has been nega- 
tive for three months, he cannot be counted 
as having ‘‘converted” his sputum. 

3. The group of patients who will be lost 
to study for any reason over a three-month 
period will necessarily be larger than any 
number lost in a one-month period. 

These factors will all tend to produce a 
seemingly poor bacteriologic response to therapy, 
since the total group is divided into those whe 
have achieved noninfectious status and those 
who have not. In the present report, therefore, 
the bacteriologie results are presented both as 
they were in previous studies and also in the more 
conventional way of single-specimen observations. 

The rate of attainment of noninfectious status 
in all Gases regardless of cavity size is shown in 
figure 3. At all points of observation there is a 
small difference in favor of the isoniazid—~PAS 
regimen. 

The bacteriologic results expressed as per cent 
of negative observations of the total in whom a 
result was reported at four and at five to eight 
months of treatment are shown in figure 4. 
Patients were counted as “positive” if tubercle 
bacilli were found by either microscopy or 
culture. This again is an important point to 
make because some studies report only cultural 
results. At the five- to eight-month point there 
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were 13 of the isoniazid~PAS patients positive 
for tubercle bacilli only by microscopy (5 per 
cent) and 15 of the isoniazid-cycloserine patients 
(6 per cent) were in the same state. Had only the 
cultural results been considered, the reversal of 
infectiousness percentage would have been higher, 
viz., 83 per cent for the isoniazid-PAS group and 
74 per cent for the isoniazid-cycloserine group. 
In any case, there was a considerable difference 
between the two regimens, isoniazid-PAS showing 
a 10 per cent greater incidence of reversal of 
infectiousness at five to eight months of 
treatment. 
Bacterial Resistance 


The susceptibility of the pretreatment strains 
of tubercle bacilli to all three drugs employed was 
determined at each participating hospital and is 
shown in table 5. The specimens tested were 
almost uniformly susceptible to isoniazid and 
PAS, those not completely susceptible showing 
only partial growth in concentrations of 1 y per 
ml. for isoniazid and 10 y per ml. for PAS. The 
pretreatment strains from 98 per cent of the 
isoniazid~-PAS cases showed no growth in any 
isoniazid-containing tube and the same was true 
for 92 per cent of the isoniazid-cycloserine cases. 
Moreover, 98 per cent of the strains from the 
isoniazid-PAS group showed no growth in any 
PAS-containing tube. Oddly enough, there was a 
higher frequency of partial growth in the | y of 
isoniazid tube among the isoniazid—cycloserine 
‘ases (8 per cent) than among the isoniazid-PAS 
‘ases (2 per cent). Of those patients whose 
organisms were tested for susceptibility to 
cycloserine, 79 per cent of the patient strains 
were completely inhibited by 20 y of cycloserine 
per ml., 14 per cent showed partial growth in 
20 y, and 7 per cent showed a higher order of 
resistance, 5 per cent showing at least some 
growth in 40 vy of evcloserine per ml. 

Patients whose organisms showed greater re- 
sistance than was indicated by partial growth in 
the lower concentrations of the test drugs were 
not accepted for study and do not appear in 
table 5. In order to be sure that the pretreatment 
presence of partial resistance to 1 y of isoniazid 
per ml. or to 20 y of eycloserine per ml. did not 
influence the bacteriologic result, all such 
patients were identified and their response to 
treatment was separately checked. They did not 
influence the results of the study either in terms 
of persistent infectiousness of the sputum or as 
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Fic. 3. Reversal of infectiousness. The percentage of patients whose sputum and/or gastric contents 
became noninfectious is shown at the top of the bars. The life-table method of calculation was used, and 
the figures set within the bars represent the number of patients still at risk at each period of observa- 


tion. INH = isoniazid; CS = ecycloserine. 
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Fic. 4. Sputum negative for tubercle bacilli. 


The percentage of patients with secretions nega- 
tive for tubercle bacilli are shown at the top of the 
bars. The total number of patients observed are 
set within the bars. INH = isoniazid; CS = 
evcloserine. 


contributors to the group of patients eventually 
found to have tubercle bacilli resistant to 
isoniazid or cvcloserine. 

The emergence of organisms resistant to 
isoniazid in those patients whose sputum re- 
mained infectious and whose strains were tested 


is shown in table 6. In table 7 are shown the 
total cases observed, the incidence of infectious 
sputum, the number of those with tubercle 
bacilli in the sputum who were not tested for 
drug susceptibility, and the percentage incidence 
in the total study group of strains of tubercle 
bacilli resistant to isoniazid. 

Several levels of isoniazid resistance may be 
defined from table 6. If any growth in | y or 
more of isoniazid per ml. is defined as resistant, 
for example, then 20.5 per cent of the strains 
cultured at three to four months from patients 
(35 of 167 tested) under treatment with isoniazid- 
eycloserine contained isoniazid-resistant organ- 
isms. Only 7 per cent (10 of 146 patients tested) 
from the isoniazid-PAS group had such strains. 
At the five- to eight-month point, 48 per cent of 
the cultures from the isoniazid—cycloserine 
group (28 of 58 patients) contained resistant 
clones, and 36 per cent of the. isoniazid~PAS- 
treated patients (14 of 39) who were still in- 
fectious were excreting such strains. Bacterial 
resistance, then, appeared much more quickly 
with isoniazid-cycloserine and in considerably 
greater incidence. 

The appearance of resistance to cycloserine is 
shown in table 8. If the cvcloserine resistance of 
a patient-strain of tubercle bacilli be defined as 
growth in 20 y of ceycloserine per ml., the inei- 


INH CS INH CS INH CS INH CS 
PAS IWH PAS INH PAS IWH PAS INH 
2 Months 4 Months 6 Months 8 Months 


ISONIAZID—-CYCLOSERINE AND ISONIAZID—PAS 875 
TABLE 5 
PRETREATMENT DRUG SUSCEPTIBILITY 
Isoniazid | PAS Cycloserine 
Isoniazid- Isoniazid- | lsoniazid- Tsoniazid- 
PAS Cycloserine | PAS Cycloserine 
Num- Per Num- Per | | Num Per | Num- Per 
ber Cent ber Cent | | ber Cent | | ber Cent 
Total patient-strains 280 277 286 | 149 
Susceptible... .... 275 | 98 | 256 92 | 27998 | 118 | 79 
Partial growth, 7......... AS 5 2; 8 2| 
growth in 1; noneind....... 0) 0 10-100 | 20-40; 3) 
Partial growth, land 5 y......... 0 10-1000 20-40; 
Equal growth, 1; partial, 10-100 20-40; 2) 
S4 81 78 | | 209 


The total drug-susceptibility observations obtained prior to start of treatment are shown with the 
definition of what is meant by resistance to each drug. The strains of tubercle bacilli from almost half 
of the patients treated with isoniazid-cycloserine were tested for cycloserine susceptibility. 


TABLE 6 
RESISTANCE TO ISONIAZID 
3-4 Months 5-8 Months 


Isoniazid- 
Cycloserine 


Isoniazid- 


Cycloserine Isoniazid-PAS 


Isoniazid-PAS 
Number Per Cent Number Per Cent Number Per Cent) Number ‘Per Cent 
| | 
146 | 


Total patient-strains tested 167 | 58 

Susceptible 136 | 93 ae | | 

Partial growth & | 8 | 6 11 
growth y; 0-5 7... | 4 | 0.5 
Partial growth, land 5 7............ 3 2 6 3.5 | 2 5 6 1} 
7 4.0 3 7 12 
2 1.5 2 2 5 8 | 13.5 


Resistance is defined as any growth in the presence of isoniazid in the concentrations tested. Degrees 
of resistance are as shown. The percentage incidence of resistance shown is based on the number of 
patients whose strains of tubercle bacilli were actually tested. The incidence of emergence of resistance 
to isoniazid in the entire treatment group is shown in table 7. 


dence of such strains at three to four months was 
26 per cent and at five to eight months was 30 
per cent, which is not greatly higher than the 
pretreatment figure of 21 per cent. If cycloserine 
resistance is defined as equal growth in 20 y per 
ml., then the incidence of such patient-strains 
was 10 per cent at three to four months and 20 
per cent at five to eight months, compared with 
7 per cent showing such resistance before start 
of treatment. This may represent some shift in 
degree of resistance to cycloserine. 


The emergence of resistance to PAS is shown 
in table 9. At three to four months of treatment, 
91 per cent of patients whose secretions were 
infectious yielded organisms completely sus- 
ceptible to 10 y of PAS. Of the 9 per cent whose 
strains showed drug resistance, in the majority 
(9 cases) the strain showed only partial growth 
in 10 y, and in 4 cases the strain showed either 
equal growth in 10 y or some growth in 100 y. 
The appearance of resistance to PAS among the 
35 patients still infectious and with strains tested 
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Months of Observation 


5-8 Months 


0-4 Months 
| Tsoniazid- 

Isoniazid-PAS | (Cycloserine | Isoniazid-PAS Cycloserine 
Num- | Per Num- Per Num- | Per Num- Per 
ber | Cent ber Cent ber | Cent ber | Cent 

368 100 | 364 «100 280 100 284 | 100 
Culture negative for WM. tuberculosis* | & 113 31 | 209 | 75 «65 
Culture positive for M. tuberculosis |. 146 40 167 46 20 | ga 58 | 2] 
No growth 136 | 38 | 1382 | 
Partial growth, 1 y; none in 5 5 4 9 
equal growthin 1 y and/or any growth in 5 4 5 | 19 5 7 ..o mete 


Unknown: culture and/or susceptibility. . 


104 


28 84 | 41 14 


* Acid-fast bacilli may be present on microscopy. 


This table accounts for all patients observed and expresses the percentages in terms of the entire 
study group, rather than only those in whom susceptibility studies were available. 


TABLE 8 
RESISTANCE TO CYCLOSERINE 


3-4 Months 5-8 Months 


Num- Per 


because of symptoms of drug toxicity, and 8 were 
lost in the next four months. The total was 38 or 
11 per cent of those who started treatment. 
The great majority of the toxic reactions were 
gastrointestinal intolerance to PAS, but there 
were also 6 instances of drug eruption, two of 
drug fever, and one death from acute yellow 
atrophy of the liver. A brief description of this 


. On the 36th day of treatment PAS was 
stopped because of a complaint of nausea with 
some fever, to 99.6° four days previously and 


Num- Per 
ber Cent ber Cent 
Total patient-strains 
studied. 119 40 
| case follows: 
Susceptible oa 88 | 74 | 28 70 
Partial growth, 20 + 4 10 
Equal growth, 20 y. 12; 10 Ss 20 


Resistance is defined as any growth of tubercle 
bacilli in the presence of cycloserine in the con- 
centrations tested. Degrees of resistance are 


us shown. 


for PAS resistance at five to eight months was 
nil, only one patient-strain showing 
growth in 10 y. In essence, the occurrence of 
resistance to PAS, as measured in this study, 
was a rare event. This was also true of cycloserine 
resistance. The situation was quite different with 
isoniazid, to which the appearance of resistance 

frequent in both series, and 
the isoniazid—cycloserine-treated 


was relatively 
especially in 
patients. 
Drug Toxicity 
In the isoniazid-PAS group, 30 patients were 
removed from study in the first four months 


partial 


to 101.2° the preceding day or 35th day of 
treatment. On the day following discontinua- 
tion of PAS a maculopapular rash became 
apparent and isoniazid was also discontinued. 
Patient developed a sore throat with tiny 
vesicles. The liver was palpable 3 cms. below 
the right costal margin and _ non-tender. 
Three days after stopping PAS he was still 
febrile. Jaundice was first noted eight days 
after stopping treatment, with clay-colored 
‘stools and dark urine. His course thereafter 
was fulminating, with death two days after 
the appearance of jaundice. Autopsy showed 
severe liver necrosis. The diagnosis was acute 
yellow atrophy. 


Of the isoniazid-—cycloserine-treated patients, 
16 were removed in the first four months because 
of drug toxicity and 8 in the second four months, 
a total of 24 cases, or 7 per cent. These reactions 
differed from the isoniazid-PAS reactions in that 
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TABLE 9 
APPEARANCE OF RESISTANCE TO PAS 


Months | 5-8 Months 


| 


Per | Num-| Per 
ber [Cent | ber Cent 
Total !patient-strains | | 
142 30 | 
Susceptible. 129 91 | 34 | 97 
Partial growth, lO y...... 
Equal growth, 10 y....... 4: 


Resistance is defined as any growth in the 
presence of PAS in the concentrations tested, 
Degrees of resistance are as shown. 


they involved the central nervous system rather 
than the gastrointestinal tract. The reactions 
included personality, mental, and neurologic 
changes in 13 patients, drug eruptions in 2 (both 
due to cycloserine), optic neuritis in one, and 
convulsive seizure in one patient. The convulsive 
seizure was described as follows: 


.. . Patient complained of dizziness on the 
149th day of treatment. On the 153rd day he 
suffered a short convulsive episode at 10 p.m. 
Cycloserine was discontinued. The patient 
left AWOL the following day. Information 


from relatives indicated that he had no 
further difficulty. 
DISCUSSION 


There are now many drug regimens available 
for the treatment of tuberculosis, certain of 
which are very effective in perhaps the majority 
of cases to be treated. The purpose of the con- 
trolled clinical trials conducted by the Veterans 
Administration—Armed Forces, the United States 
Public Health Service, and the Medical Research 
Council of Great Britain has been to try to assign 
some priority of effectiveness among these 
regimens, giving due consideration to the many 
factors involved, such as mode of administration, 
toxicity, clinical and roentgenographic improve- 
ment, reversal of infectiousness, and avoidance of 
emergence of drug-resistant strains of tubercle 
bacilli. 

All of these studies have sought to eliminate 
bias by the method of concurrent study (with 
random selection) of at least two regimens, each 
hospital in the cooperating system using random 
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selection for both regimens, so that all other 
variables that might be operative at different 
hospitals might be equally distributed between 
the two drug regimens. 

Of the drug regimens tested so far by the 
Veterans Administration-Armed Forces, the 
double drug regimen of isoniazid—PAS in the now 
standard dose of 300 mg. of isoniazid and 12 gm. 
of PAS per day has always proved at least equal, 
if not superior, to any other regimen. Indeed, in 
spite of some theoretic considerations involved, 
it has not yet been possible to prove any ad- 
vantage for either the addition of daily strepto- 
mycin to isoniazid~PAS (15) or the increasing of 
the dose of isoniazid some fourfold to 16 mg. per 
kg. (16). 

Isoniazid~PAS has the marked advantage of 
oral administration, but does have the dis- 
advantage that substantial numbers of patients 


-eannot tolerate the PAS (11 per cent in the 


present series), principally because of its toxic 
effect on the gastrointestinal tract. It is also true 
that there will be 20 per cent or more patients 
who will not achieve as good a result as might 
reasonably be expected. 

The appearance, therefore, of another orally 
administered agent is an exciting one and, when 
cycloserine was first reported to have striking 
therapeutic effect against pulmonary tuberculosis 
(8), it was accepted for controlled clinical study. 
The first controlled study of its relative clinical 
value demonstrated that, given alone in a dose 
of 1 gm. per day, it was decidedly inferior to 
isoniazid~PAS in all measurable respects and 
was quite likely at that dose to produce con- 
vulsions (11, 12). The dose was accordingly 
reduced, and the present study of the combination 
of cycloserine with isoniazid was undertaken. 

Whereas the inferiority of cycloserine alone to 
isoniazid~PAS was easily demonstrated, once 
the remarkably potent isoniazid was added the 
difference between the two regimens might be 
expected to be relatively small and consequently 
less easy to demonstrate. This proved true, as 
indicated by the results of this study, but these 
results consistently favor isoniazid—-PAS over 
isoniazid—cycloserine in a manner that leaves 
little room for doubt. 

The question is invariably asked in such a 
study whether a test regimen has been shown to 
be clinically useful, even if it is somewhat inferior 
to a control regimen. Ultimately, in a sense, a 
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study such as this and the multiple controlled 
studies already done must provide this answer. 
But the provision of this answer is not the pri- 
mary function of the controlled clinical study. 
Rather is this answer really a function of many 
variables. Undoubtedly, in many patients the 
isomiazid—cycloserine regimen will yield optimal 
results, as may streptomycin-PAS, isoniazid- 
streptomycin, or isoniazid alone. But whether 
isoniazid -cycloserine, in the doses used, would 
vield better results in a controlled clinical study 
of a number of cases than would isoniazid alone 
would be indeed a moot point, not susceptible to 
answer from the data of the present study. 


SUMMARY 


The data from the Veterans Administration 
Armed Forces cooperative study of the clinical 
effectiveness of the two drugs cycloserine and 
isoniazid used together have been analyzed. The 
efheacy of this regimen was measured against 
that of isoniazid and para-aminosalicyelic acid 
(PAS) given concurrently to a control group of 
patients with cavitary tuberculosis in fourteen 
cooperating hospitals. 

In several respects, results in the isoniazid 
evcloserine-treated group tended to show that 
this regimen is less efficacious than isoniazid 
PAS. These results are: A higher incidence of 
roentgenographic evidence of progression of the 
disease, 7 per cent as compared with an incidence 
of 2 per cent among the control group; a much 
higher incidence of clinical failure to respond 
satisfactorily to treatment, which necessitated 
change of drug regimen in 12 per cent of the 
cases as compared with 2 per cent in the isoniazid 
PAS-treated group; a lesser incidence of cavity 
closure; a lower ineidence of appearance of 
hacteriologic negativity and bacteriologic 
version” of the bronchopulmonary secretions; a 
more rapid emergence of. organism resistance to 
isoniazid with a greater over-all incidence of 


‘ 


‘con- 


resistance to isoniazid. 

Although (in general) well tolerated, the 
regimen is not without its own toxicity as evi- 
denced by the convulsive 
seizure, one instance of optic neuritis, 3 hyper- 
sensitivity reactions, and perhaps 13 instances of 


occurrence of one 


mental aberration or behavioral change. In the 
isoniazid~PAS group, there were 9 hypersensi- 
tivity reactions, including one death from acute 
vellow atrophy. The great bulk of PAS toxicity 
Was associated with gastrointestinal upset. 
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SUMARIO 


Comparacion de la Cicloserina-Isoniacida con la 
Para-Aminosalicilico en la 
Terapéutica de la Pulmonar 
Cavitaria: X. Comunicacién del Estudio 
Cooperativo de la Administracion de 
Veteranos y las Fuerzas Armadas 


Tsoniacida— Acido 
Tuberculosis 


Se analizan los datos derivados del estudio 
cooperativo de la Administracién de Veteranos y 
las Fuerzas Armadas acerca de la eficacia clinica 
de las dos drogas cicloserina e isoniacida usadas 
juntas. Se comparo la eficacia de este régimen con 
la de isoniacida y el Acido para-aminosalicilico 
(PAS), administrados concurrentemente «a un 
grupo testigo de enfermos que tenian tuberculosis 
Cavitaria en catorce hospitales que cooperaron 
en el estudio. 

ken varios sentidos, los 
en el grupo tratado con 
tendieron a demostrar que este régimen es menos 
eficaz que el de isoniacida~PAS. Estos resultados 
son: una incidencia mayor de signos radiograficos 
de avance de la enfermedad, 7 por ciento, com- 
parado con una incidencia de 2 por ciento en el 
grupo testigo; una incidencia mucho mayor de 
fracasos clinicos en la falta respuesta satisfactoria 
al tratamiento, lo cual exigiéd un cambio del régi- 
men medicamentoso en 12 por ciento de los casos, 
comparado con 2 por ciento en el grupo tratado 
con isoniacida~PAS; una incidencia menor de 
cierre de cavernas; una incidencia menor de apari- 
de negatividad bacteriolégica v de ‘‘viraje’ 
bacteriolégico de las secreciones broncopulmo- 
nares; aparicién mas répida de resistencia bac- 
teriana a la isoniacida con una incidencia global 
mavor de resistencia a la isoniacida. 

Aunque (en general) bien tolerado, no carece el 
régimen de su propia toxicidad, segin patentizan 
la aparicién de un acceso convulsivo, un caso de 
neuritis 6ptica, 3 reacciones de hipersensibilidad 
vy quizds 13 casos de aberracién mental o altera- 
ciones del comportamiento. En el grupo de iso- 
niacida-~PAS, hubo 9 reaeciones hipersensi- 
bilidad, comprendiendo una muerte de atrofia 
amarilla aguda. La mayor parte de la toxicidad 
del PAS se asocié con perturbaciones gdéstricas. 


resultados obtenidos 
cicloserina-isoniacida 


Comparaison entre l association cyclosérine-lso- 
niazide et isoniazide—acide para-aminosalicylique 
dans le traitement de la tuberculose pulmonatre 
avec cavernes, X. Rapport d une étude comparée 
menée par Administration des Veétérans et 
les Forces Armées 
L’auteur analvse les renseignements fournis 
par une étude faite par |’Administration des 
Vétérans en association avee les Forces Armées, 
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sur l’efficacité clinique de ces deux médicaments, 
cyclosérine et isoniazide utilisés ensemble. L’ef- 
ficacité de ce traitement fut comparé a celle de 
l’isoniazide et de l’acide para-aminosalicylique 
(PAS) donnés en méme temps a un groupe de 
contréle de malades porteurs de cavernes tubercu- 
leuses, dans quatorze hopitaux afhiliés. 

Pour plusieurs raisons, les résultats du groupe 
traité par la cyclosérine et |’isoniazide semblent 
montrer que ce traitement est moins efficace que 
l'association isoniazide-PAS. Ces résultats sont: 
une fréquence plus grande de la preuve radio- 
graphique de la progression de la maladie, 7; en 
comparaison d’une fréquence de 2°% parmi le 
groupe de contréle; une fréquence beaucoup plus 
grande d’échee clinique comme réponse au traite- 
ment, ce qui nécessita de changer le traitement 
chimique dans 12°, des cas, en comparaison de 
2°, dans le groupe traité par l’isoniazide—-PAS; 
une fréquence moins grande de fermeture de la 
‘averne; une fréquence de cultures bactériolo- 
giques négatives et de ‘‘conversion’’ bactériolo- 
gique des secrétions bronchopulmonaires; |l’appa- 
rition plus rapide d’organismes résistant a |’iso- 
niazide avee une fréquence générale plus grande 
de résistance a l’isoniazide. 

Bien qu’en général bien toléré, le traitement 
n’est pas sans sa propre toxicité, ainsi que le 
montre apparition d’une crise convulsive, un cas 
de névrite optique, trois réactions d’hypersensi- 
bilité et peut-étre treize cas de troubles mentaux 
ou de changement de comportement. Dans le 
groupe isoniazide—-PAS, il v eut neuf réactions 
d’hypersensibilité, vy compris un cas de mort par 
atrophie jaune aigiie. Dans la plupart des cas de 
troubles dus a la toxicité du PAS, il v eut assogiés 
des troubles gastro-intestinaux. 
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INTRODUCTION 


Recent observations have shown that hyper- 
thyroidism, as induced by triiodothyronine or 
thyroxine, markedly enhanced the resistance of 
certain strains of inbred rabbits to tuberculosis 
(1, 2). Lurie hypothesized that hyperthyroidism 
altered the physiologic activity of the phagocytes 
and thus enhanced the suppression of intracellular 
multiplication of tubercle bacilli. 

The essential immune mechanism involved in 
“reinfection”? tuberculosis has long been at- 
tributed by some workers to the increased 
bacteriostatic capacity of the macrophages. Lurie 
(3) introduced normal and “immune”’ rabbit 
mononuclear macrophages infected with tubercle 
bacilli separately into the opposite anterior 
chambers of the eyes of normal rabbits. He 
demonstrated by cultural methods that, after 
two weeks of growth in an apparently identical 
in vivo environment, the tubercle bacilli in the 
“immune” cells exhibited a slower rate of mul- 
tiplication as compared with that in the normal 
cells. Suter (4) and Berthrong and Hamilton (5) 
have also observed that, by maintaining mono- 
cytes infected with tubercle bacilli in tissue 
culture, the intracellular multiplication of these 
microorganisms was suppressed by cells from 
immunized guinea pigs or rabbits in contrast to 
the multiplication observed in monocytes from 
normal animals. 

Mackaness (6), on the contrary, failed to 
substantiate Suter’s findings and observed no 
basic difference in the intracellular multiplication 
of tubercle bacilli in the cells of immunized or 
normal rabbits. Fong, Schneider, and Elberg 
(7) reported that the presence of “immune” 
serum exerted a favorable effect upon survival 
of normal monocytes infected with tubercle 
bacilli and a complete inhibition of degeneration 
of infected “immune” cells. Apparently con- 

! From the Department of Microbiology, School 


of Medicine, University of Pennsylvania, Phila- 
delphia 4, Pennsylvania. 


flicting observations by these workers may be 
due to their different working criteria used in 
the tissue culture method. Suter, Mackaness, 
and Berthrong: and Hamilton followed the in- 
tracellular increase of tubercle bacilli in stained 
preparations, whereas Fong, Schneider, and 
Elberg based their end point on the visible ‘“‘de- 
generative” effect of tubercle bacilli on monocytes. 

While the tissue culture technique undoubtedly 
offers an opportunity to study host responses on 
a cellular level and to explore the relative roles 
of humoral and cellular factors, a critical evalua- 
tion of data presents a challenge. Since both 
heat-killed and streptomycin-killed tubercle ba- 
cilli remain acid fast in stained preparations, 
and since both the accuracy of microscopic 
counting of intracellular bacilli and the ‘‘de- 
generative” effects on monocytes by tubercle 


‘bacilli appear questionable, a precise approach 


to such studies calls for a quantitative recovery 
of viable intracellular parasites at different 
intervals of observation. 

The purpose of the present study was, in 
part, to test the validity of Lurie’s hypothesis 
by observing the intracellular multiplication of 
tubercle bacilli in monocytes derived from 
triiodothyronine-treated and untreated guinea 
pigs. A technique for the quantitative recovery 
of intracellular tubercle bacilli was devised to 
follow the rate of increase of the intracellular 
bacterial population. 


MATERIALS AND METHODS 


Mycobacterium tuberculosis: Two strains of 
H37Rv were used in this study.? One strain 
(H37Rv-P),? maintained for many years in Dr. 
Lurie’s laboratory, was somewhat attenuated, 
whereas a newly obtained strain (H37Rv-S)* was 
more tuberculogenic (8). Cultures of these organ- 


? Supplied through the kindness of Dr. Max B. 


Lurie, Henry Phipps Institute, Philadelphia, 
Pennsylvania. 

Strain H37Rv-P was previously designated by 
Dr. Max B. Lurie as H37Rv-Phipps, and strain 


H37Rv-S as H37Rv-Steenken (cf. reference 8). 
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isms were maintained in Dubos Tween*-80 me- 
dium and transplanted weekly. Screw-capped 


tubes containing approximately 7 ml. of the liquid 
medium were used, and cultures were incubated in 
a roller tube apparatus rotating at 9 r.p.m. at 
37°C. To obtain an isolated bacterial suspension 
for parasitization of monocytes, a seven- to nine- 
day-old culture was centrifuged at 200 X g. for 
five minutes and the supernate was transferred 
into another tube and recentrifuged at 500 X g. 
for five minutes. The supernate contained chiefly 
single bacteria with a few small clumps of no more 
than 3 to 4 bacteria each. 

Animals: Albino male guinea pigs were pur- 
chased from commercial sources and were kept on 
diets of guinea-pig pellets and greens. In view of 
the pharmacologic effects of triiodothyronine, 
animals weighing more than 700 gm. were found 
better able to survive treatment with this hor- 
mone. Before being used for an experiment, each 
guinea pig was checked for any evidence of strep- 
tococeal lymphadenitis, and only apparently 
healthy animals were used in this study. This was 
done to avoid encountering a Cross resistance 
which might perhaps be induced by this organism. 

Treatment of quinea pigs: Hyperthyroidism in 
guinea pigs was induced by the daily injections of 
10 y of L-3:25:3'-triiodothyvronine't over a period of 
approximately two weeks. The state of hyper- 
thyroidism was confirmed by an increase of basal 
metabolic rate toward the end of treatment. The 
basic metabolic rate of normal control animals was 
also determined over the same period as that used 
with the treated animals. 

Cultivation of monocytes infected with tubercle 
bacilli: exudates were induced by the intraperi- 
toneal injection of 10 ml. of mineral oil® two or 
three days prior to harvesting the cells. The ani- 
mals were killed with a blow on the head. The peri- 
toneal cavity was aseptically washed with 20 to 25 
ml. of Hanks solution containing 2 per cent normal 
guinea pig serum and heparin® 1:10,000, The pH 
was adjusted to 7.4 with isotonic bicarbonate 
solution. 

The Hanks solution was introduced as small ali- 
quots. The peritoneum was carefully washed and 
the fluid withdrawn with a bulb pipette after add- 
ing each aliquot of Hanks solution. The washings 
were placed in test tubes and permitted to stand 
for a few minutes so that the mineral oil rose to the 
top. The leukocyte suspension was then trans- 
ferred to a clean test tube and its pH was immedi- 
ately adjusted to 7.2. The usual leukocyte suspen- 
sion consisted of approximately 10 to 12 ml., with 
a total cell count of 4 to 5 million leukocytes per 
ml., more than 50 per cent being monocytes. 

The bacterial suspension in Dubos medium, ob- 
tained as described above, was mixed with the 

‘Manufactured as Cytomel Sodium, supplied 
through the courtesy of Smith, Kline and French 
Laboratories of Philadelphia, Pennsylvania. 

> Parke Davis & Co., heavy or light mineral oil. 

6 Liquaemin Sodium, Organon, Inc. 
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leukocyte suspension in a test tube in a volume 
ratio varying between 1:5 and 1:7, respectively. 
The mixture was placed for thirty to forty minutes 
in a roller tube apparatus rotating at 26 r.p.m. to 
permit phagocytosis of the bacteria. 

In the meantime, tissue culture flasks were pre- 
pared for the reception of the infected leukocytes. 
Porter flasks containing four coverslips of equal 
size (5 by 18 mm.) were sterilized in the hot-air 
oven. Approximately 0.3 ml. of Hanks solution 
was pipetted into each flask so that the coverslips 
were thoroughly wetted and could be aligned 
parallel to each other on the bottom of the flask. 
The coverslips were easily manipulated with a 
platinum wire bent to have a small hook at the end. 

After phagocytosis, an estimated population of 
5 million leukocytes was introduced into each 
Porter flask and left in the incubator (37°C.) for 
twenty minutes to allow the cells to settle onto 
the coverslips. The excess fluid was then poured 
from each flask and the adhering cells were washed 
once with 1.5 ml. of Hanks solution and reineu- 
bated with 1.5 ml. fresh Hanks solution for ten 
minutes. 

After the second incubation period, the Hanks 
solution in each flask was replaced with 1.5 ml. of 
tissue culture medium. The tissue culture medium 
consisted of 20 per cent pooled normal guinea pig 
serum, 65 per cent Hanks solution, and 15 per 
cent isotonic 1.4 per cent sodium bicarbonate 
solution (freshly saturated with carbon dioxide 
just before use). Concentrations of 30 units of ny- 
statin, 50 units of penicillin, and 5 y of streptomy- 
cin per ml. were used in the medium to prevent 
contamination andextracellular multiplication of 
tubercle bacilli. 

Since polymorphonuclear leukocytes rarely sur- 
vived overnight, such cultures contained almost 
100 per cent monocytes. The tissue cultures were 
then incubated for study over a period up to twelve 
days. The medium was maintained at pH 7.2-7.4 
throughout the experiment and, on the third day, 
1 ml. of medium from each flask was removed and 
replaced with fresh medium. 

Six flasks were usually prepared from cells of 
each animal. Two coverslips were removed from 
sach of the duplicate flasks at each designated 
interval. One coverslip was stained in order to 
enumerate the cell population; the other was used 
to determine the culturable intracellular tubercle 
bacilli. 

Recovery of intracellular tubercle bacilli and eval- 
uation of data: Five-tenths of 1 per cent solution 
of sodium desoxycholate was found to cause an 
immediate disintegration of leukocytes upon con- 
tact, yet had no effect on the viability of tubercle 
bacilli even after a contact of ten minutes. This 
concentration of sodium desoxycholate’ was, 
therefore, used as a means of disrupting the 
monocytes in order to recover the intracellular 
tubercle bacilli. 

At various intervals, two coverslips were re- 
moved from each of the duplicate flasks and 
washed in Hanks solution containing 10 per cent 
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normal guinea pig serum. One of the coverslips 
was fixed in methanol and later stained by the 
Ziehl-Neelsen method. The other coverslip was 
placed in 1 ml. of 0.5 per cent sodium desoxycho- 
late solution in a Wassermann tube. The contents 
were thoroughly mixed by pipetting forty to fifty 
times witha 1l-ml. pipette to ensure complete disin- 
tegration of monocytes and uniform resuspension 
of the released tubercle bacilli. A 0.3 ml. aliquot 
of this suspension was transferred to a test tube 
containing 5.7 ml. of sterile saline (1:20 dilution) 
and thoroughly mixed with a 10-ml. pipette. Using 
a fresh pipette, the suspension was diluted another 
tenfold and two 0.5 ml. aliquots of this final dilu- 
tion were plated out by the pour-plate method. 
Colony counts were made after a twenty- to 
twenty-three-day incubation period at 37°C. 
Dubos Tween-80 medium solidified with 2 per cent 
Difeo’s Noble Agar was used for all plate counts in 
this study. 

From the plate counts, the total number of cul- 
turable intracellular tubercle bacilli present on 
each coverslip could be calculated. From the 
stained coverslip, the total cell population per 
coverslip was estimated by counting the number of 
cells in a total of forty to fifty microscopic fields. 
Since the distribution of cells over the bottom of a 
Porter flask tended to be fairly uniform, the leu- 
koeyte population on each coverslip within the 
same flask would be equivalent. By dividing the 
total number of tubercle bacilli released from 
within the monocytes by the total number of cells 
present, the average number of bacilli per mono- 
eyte could be determined at each sampling time. 


RESULTS 


Tritiodothyronine treatment of guinea pigs: For 
each experiment, 2 guinea pigs were used, one 
having been treated with 10 y of triiodothyronine 
daily over a period of approximately two weeks; 
the other being used as an untreated control. 
In some instances 20 y of triiodothyronine were 
given daily two or three days prior to the date 
of experiment instead of the usual dosage of 10 y. 
Such hormone treatment normally imposed a 
10 to 15 per cent loss in body weight of the animal, 
and conferred a basal metabolic rate increase of 
20 to 40 per cent, while the basal metabolic 
rate of untreated controls varied between plus 
and minus 10 per cent. 

Intracellular multiplication of H37Rv-P: Mono- 
eytes from triiodothyronine-treated and un- 
treated guinea pigs were infected with the 
H37Rv-P strain and maintained in tissue culture 
for a period up to ten days. The intracellular 
tubercle bacilli were recovered and enumerated at 
different sampling times. The ratio of the number 
of tubercle bacilli per cell found at each sampling 
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and the number of tubercle bacilli originally 
phagocytized per cell are plotted in figure 1. 

The data illustrate that this strain of H37Rv 
survived in the monocytes for a period of four 
to five days. This lag phase was followed by an 
approximately fourfold increase in the intra- 
cellular bacilli over the next two to three days. 
This growth phase appeared somewhat suppressed 
in the cells from the treated animals. After seven 
days, there did not seem to be any further signifi- 
‘ant increase in bacterial numbers, irrespective of 
the source of the macrophages. | 

Intracellular multiplication of H37Rv-S: Mono- 
cytes of both treated and normal guinea pigs 
were infected with the H37Rv-S strain, and the 
intracellular multiplication was compared as 
previously described (figure 2). It is evident from 
the data that the population of tubercle bacilli 
within the normal monocytes doubled in about 
two days after phagocytosis, whereas there was 
little or no growth of the comparable population 
in the monocytes from the treated animals. This 
strain of bacteria demonstrated its ability to 
multiply in the normal monocytes continuously 
throughout the period of nine days, with a 
generation time of two to three days, while the 
generation time of the same strain in monocytes 
of treated animals was five days or more. 

The possibility existed that cells from  tri- 
iodothyronine-treated animals were more sus- 
ceptible to rupture by the increase of intracellular 
tubercle bacilli and, if this were the case, then 
the present writers’ conclusions might be in- 
ralidated. That such an increased susceptibility 
did not occur was demonstrated in the following 
manner. In one experiment from each of the two 
strains of the H37Rv reported here, 200 cells were 
counted from each stained preparation according 
to the procedure described by Suter (9). The 
number of intracellular organisms was grouped in 
the following columns: 0, 1 to 5, 6 to 10, 11 to 
15, and more than 16. In general, it was observed 
that approximately 20 per cent of the cell 
population was initially infected with tubercle 
bacilli. But this value shifted so that, at the end 
of the experimental period, about SO per cent 
of the surviving cell population contained tubercle 
bacilli. It should be borne in mind that, in such 
a dynamic system of intracellular multiplication, 
bacteria were continuously released into the 
medium by ruptured leukocytes. Although the 
tubercle bacilli were presumably killed by the 
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streptomycin in the medium, the organisms still 
remained acid fast and could be rephagocytized 
by the surviving cells. Hence this would make 
interpretation of the data by this technique 
difficult. In the experiment in which the H37Rv-P 
strain of tubercle bacilli was used, 25 per cent 
of the cells from the untreated animal and 4 per 
cent of the cells from the treated animal con- 
contained 16 or more organisms on the tenth day. 
In the experiment using the H37Rv-S strain, 
12 per cent of the cells from the untreated animal 
contained more than 16 bacteria per cell on the 
seventh day, while only 3 per cent of the com- 
parable cells from the treated animal were 
in the same category at that time. By the twelfth 
dav, however, the proportion of cells from the 
treated animal containing at least 16 organisms 
had increased to 10 per cent. Therefore, cells 
from treated animals were just as capable of 
containing large numbers of tubercle bacilli 
as were cells from untreated animals. 

The results indicated that the two strains of 
H37Rv used in this study do behave differently 
with respect to their abilities to multiply in 
macrophages from normal guinea pigs. This is 
analogous to the observation of Lurie and asso- 
ciates (8) concerning the difference in ability of 
these two strains of H37Rv to generate tubercles 
in rabbits. 


DiscussION 

The technique employed in this study provides 
a precise and quantitative means of following 
the intracellular multiplication of tubercle bacilli. 
This procedure determines the actual number of 
culturable intracellular parasites. Recovery of 
intracellular bacteria in vitro has previously been 
attempted, though not quantitatively, by Po- 
males-Lebron and Stinebring (10) in their demon- 
stration of cellular immunity in_ brucellosis. 
While the present investigation was in progress, 
Elberg, Schneider, and Fong (11) and Holland 
and Pickett (12) have separately published their 
observations on cellular immunity in brucellosis 
by cultural methods; and Kapral and Shayegani 
(13) reported on the fate of intracellular staphy- 
lococci, using a technique similar to that reported 
here. 

The effects of hyper- and hypothyroidism on 
clinical tuberculosis have long been noted. The 
earlier experimental effort to confirm these was 
made by Izzo and Cicardo (14) in their report 
that injections of thyroxine increased, whereas 


885 


OF TUBERCLE BACILLI IN VITRO 


thyroidectomy decreased, the resistance to ex- 
perimental tuberculosis in guinea pigs. These 
studies were based on differences in survival 
time after infection under these conditions. These 
effects were recently studied in greater detail 
by Lurie and his associates (2, 8). The beneficial 
effects of hyperthyroidism cannot be generalized 
with respect to other animal species. In fact, 
thyroid hormone treatments were found by 
Dubos (15) and Nutter and co-workers (16) to 
have an adverse result on tuberculosis in mice. 
The practical application of triiodothyronine 
treatment, furthermore, has demonstrated no 
apparent increased resistance in tuberculous 
humans as was reported by Nodine and associates 
(17). In the last-named case, however, the effects 
of hormone treatment may have been masked by 
the simultaneous antituberculous therapy and, 
furthermore, the patients were only mildly 
thyrotoxic in contrast to the severe hyper- 
thyroidism suffered by experimental animals. 
The present study attempts to follow the fate of 
tubercle bacilli in macrophages of hyperthyroid 
guinea pigs. 

It is shown in figure 2 that the H37Rv-S 
strain began to multiply within two days after 
phagocytosis by normal macrophages, whereas 
there was little multiplication in the H37Rv-P 
strain before five days (figure 1). This is in 
agreement with the observation of Lurie and 
associates that the H37Rv-P strain is somewhat 
attenuated and less virulent than the H37Rv-S 
strain (8) if virulence is defined as the ability of © 
the bacteria to establish themselves and_ to 
multiply in the host. | 

In a culture of uninfected monocytes, the cell 
population declined rapidly within the first three 
days and slowly leveled off. Monocytes did not 
multiply. Microscopic studies of the stained 
coverslips in the experiments reported here 
showed that occasional cells might contain two 
nuclei, possibly as a result of fusion rather than 
amitosis, but in no case were mitotic figures 
observed. Furthermore, the infected cell popu- 
lation generally declined faster in the cells of the 
untreated animal as compared to those of the 
treated one. This could be explained by the 
higher rate of intracellular multiplication of 
bacteria in the former case, which in turn 
ruptured the leukocytes more rapidly. That cells 
from triiodothyronine-treated animals were not 
more susceptible to rupture by intracellular 
tubercle bacilli was shown by the ability of these 
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cells to contain just as many organisms. as cells 
from normal animals. 

It should be emphasized that the data illus- 
trated in this study were presented as the average 
number of tubercle bacilli per cell in the surviving 
population and that the rate of bacterial increase 
Was based on the comparison of this ratio at a 
specific time with that found at the zero time. 
Thus, the change in cell population with time 
had no bearing on this evaluation. 

‘The 5 y of streptomycin per ml. in the tissue 
culture medium were necessary to inhibit extra- 
cellular growth of tubercle bacilli. Preferential 
permeability of streptomycin into cells from 
treated animals remains a possibility. To test 
this possibility experimentally would not be easy. 
However, as the concentration of this antimicro- 
bial was small and there was actual multiplication 
of tubercle bacilli in cells from treated animals, 
the chance that the suppression of intracellu- 
lar multiplication by these cells was merely due to 
a preferential permeability of streptomycin seems 
remote. 

Over the past decade, much interest in host- 
parasite relationships has been focused at a 
cellular level. Mounting evidence has pointed to 
the role of cellular immunity as the most im- 
portant immune mechanism in tuberculosis and 
brucellosis. It is conceivable that cellular en- 
vironments could exist that would be less favor- 
able for the growth of the parasite and that the 
occurrence of such an environment might be the 
result of a previous infection, specific drug action, 
or even genetic influence. This alteration in 
environment would be reflected the bio- 
chemistry of the cell. The studies reported here 
demonstrate such a change, in which the capacity 
for suppressing intracellular multiplication of 
tubercle bacilli was induced in the host by the 
administration of a single hormone. It would be 
of interest, in future studies, to follow host cell 
and parasite interactions with this concept, 
namely, a change in the physiology of the host 
may impose a different growth behavior on the 
intracellular parasite. 

SUMMARY 

A technique is presented which permits the 
intracellular multiplication of human tubercle 
bacilli in vitro to be followed in a quantitative 
manner, 

The intracellular growth characteristics of the 
two strains of H37Rv tubercle bacilli used in this 
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study were shown to be different. The H37Rv-P 
strain exhibited a lag phase of four to five days 
before multiplication occurred. There was a two- 
to three-day growth phase, after which the 
intracellular population remained essentially 
constant. In monocytes derived from  triiodo- 
thyronine-treated guinea pigs, the intracellular 
multiplication of the parasite appeared slightly 
suppressed. The H37Rv-S strain, on the other 
hand, had the ability to multiply within normal 
monocytes at an almost constant rate throughout 
a nine-day period, with a generation time of 
two to three days. There was no appreciable lag 
phase. Multiplication of this strain in monocytes 
from treated animals was retarded, having a lag 
phase of about two days and a subsequent 
generation time of approximately five days. 

This study demonstrates the presence of 
“cellular resistance”? which was induced in guinea 
pigs by a naturally occurring entity without 
previous infection or vaccination, and in which 
humoral factors did not appear to play a promi- 
nent role. 


SUMARIO 


La Multiplicacién Suprimida de los Bacilos 
Tuberculosos dentro de Macrofagos Derivados 
de Cobayos Tratados con Triyodotironina 


Preséntase una técnica que permite observar en 
forma cuantitativa la multiplicacién intracelular 
de los bacilos tubereculosos humanos in vitro. 

Se demostré que eran distintas las caracte- 
risticas de la proliferacién intracelular de las dos 
cepas de bacilos tuberculosos H37Rv usadas en 
este estudio. La cepa H37Rv-P manifest6 una fase 
de retardo de cuatro a cinco dias antes de haber 
multiplicacién. Hubo una fase de crecimiento de 
dos a tres dias, después de la cual la poblacién 
intracelular permanecié mds o menos constante. 
Kn los monocitos derivados de los cobayos tra- 
tados con triyodotironina, la multiplicacién 
intracelular del pardsito parecié estar ligeramente 
suprimida. En cambio, la cepa H387Rv-S desplegé 
‘apacidad para multiplicarse dentro de los mono- 
citos normales a una velocidad casi constante 
durante un periodo de nueve dias, con un tiempo 
de generacién de dos a tres dias. No hubo aprecia- 
ble fase de retardo. En cambio, se retardd si la 
multiplicacién de esta cepa en los monocitos pro- 
cedentes de animales tratados, mostrando una 
fase de retardo de unos dos dias vy un tiempo sub- 
siguiente de generacién de unos cinco dias. 

Demuestra este estudio la existencia de ‘‘re- 
sistencia celular,’’ que se indujo en los cobayos 
con una entidad existente en la naturaleza, sin 
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previa infeccién o vacunacién, y en la cual los 
factores humorales no parecen desempefar un 
papel destacado. 


RESUME 


Suppression de la multiplication des bacilles 
tuberculeux dans les macrophages provenant 
de cobayes traités par la triiodothyronine 


Les auteurs présentent une technique que per- 
-met de suivre d’une maniére quantitative la multi- 
plication intracellulaire de bacilles tuberculeux 
in vitro. 
‘Il apparut que les caractéristiques de dévelop- 
pement intracellulaire de deux souches de bacilles 
tuberculeux H37Rv utilisées dans cette étude sont 
différentes. La souche H37Rv-P montra une phase 
d’incubation de quatre ou cing jours avant que 
la multiplication ne se produisit. Il y eut une 
phase de développement de deux ou trois jours 
aprés laquelle la population intracellulaire resta 
essentiellement constante. Dans les monocytes 
issus de cobayes traités par la triiodothyronine 
la multiplication intracellulaire du parasite fut 
légérement enrayée. D’un autre coté, la souche 
H37Rv-S se montra capable de se multiplier dans 
des monocytes normaux 4a un rythme presque 
constant pendant une période de neuf jours, avec 
une durée de génération de deux a trois jours. Il 
n’y eut pas de phase d’incubation appréciable. La 
multiplication de cette souche dans les monocytes 
de cobayes traités fut retardée, ayant une phase 


d’incubation d’A peu prés deux jours et une durée 


de génération d’A peu prés cing jours. 

Cette étude démontre la présence d’une ‘‘ré- 
sistance cellulaire’ qui fut suscitée chez les cobayes 
~d’une fagon naturelle, sans infection ou vaccina- 
tion préalable, et pour laquelle les facteurs 
humoraux ne semblérent pas jouer un réle impor- 
tant. 
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INTRODUCTION 


The presence of unclassified mycobacteria® in 
man poses a real problem in the diagnosis of 
pulmonary disease. Undoubtedly some of these 
organisms can produce disease, but their true 
and complete significance is still largely unknown. 
Runyon (1) has recently reviewed this subject 
in detail. 

The present study was undertaken in an 
attempt to investigate the significance of unclass- 
ified mycobacteria in patients and to compare 
the incidence of these organisms in patients and 
in normal healthy persons. For purposes of 
simplicity, the name unclassified mycobacteria 
will be used to refer to the whole group of acid- 
fast organisms other than MM. tuberculosis. 
Unless specifically stated otherwise, ‘‘positive 
culture’ refers to unclassified mycobacteria 
which will be further described according to the 
scheme of Runyon (1). 


MATERIALS AND METHODS 


One hundred and twelve employees of the Ohio 
Tuberculosis Hospital volunteered for the study 
of gastric contents. These employees were of 
known skin reactivity and all have had roentgeno- 
grams of the chest every three months throughout 
their employment, during the period of the study, 
and subsequently. All were free of any clinical or 
roentgenographic evidence of pulmonary disease 
except for occasional scattered calcifications, and 
were free of any history of pulmonary disease in 
the past. 

The first period of study covered March to 
July, 1957. The employees were instructed to 
refrain from eating or drinking after the evening 
meal and to report to the hospital between six 


! From the Ohio Tuberculosis Hospital, and the 
Department of Medicine, The Ohio State Uni- 
versity, Columbus, Ohio. 

2? This work was supported by a grant from the 
Ohio Tuberculosis and Health Association. Sta- 
tistical analysis was carried out by the Statistical 
Analysis Unit, Division of Vital Statistics, Ohio 
Department of Health. 

3 Unclassified mycobacteria is the terminology 
adopted by the Review for such terms as atypical 
or anonymous acid-fast bacilli. 


and eight a.m., as soon after arising as possible. 
Single gastric aspirations were obtained by means 
of a Levin tube. In this procedure the tube was 
cooled by packing in ice and was lubricated with 
sterile mineral oil. The gastric contents were 
obtained by passing the tube through the nose and 
into the stomach. Gastric contents were then 
concentrated by treating with 4 per cent sodium 
hydroxide followed by agitation and then centrifu- 
gation. The sediment was neutralized with 1 N. 
HCl, then smeared, stained with Ziehl-Neelsen 
stain, and examined for acid-fast bacilli. The 
remainder of the sediment was cultured on two 
tubes of Léwenstein medium. These cultures 
were incubated for eight weeks in total darkness 
at 37°C. and inspected weekly for signs of growth. 
Any growth which appeared was described as to 
color and colony morphology, then smeared, and 
stained for acid-fastness. All acid-fast organisms 
were tested for susceptibility to isoniazid, strepte- 
mycin, and PAS, and for virulence in guinea pigs. 

During the same period in 1957 the gastric 
aspirates of 30 consecutive patients were likewise 
studied for comparison with the results in person- 
nel. The technique of gastric aspiration and 
culture was exactly the same as that used in the 
employee group. 

One year later, during the first six months of 
1958, 87 of the original volunteer employees each 
had two gastric aspirations. In this series, sterile 
lubricant jelly was substituted for the sterile 
mineral oil and the gastric tubes were cooled in a 
freezer without unwrapping the sterile pack. 
Smears and cultures of the gastric sediment, 
guinea pig inoculation, and susceptibility studies 
were done as in the earlier study. Nasal smears 
were also prepared and stained for acid-fast 
organisms. 

During the first ten months of 1958, 127 patients 
with gastric aspirations were compared with the 
employees. Forty of these patients from January 
to May, 1958, had gastric aspirations utilizing 
sterile mineral oil and icing of the tubes; 87 
patients from May to October, 1958, had gastric 
aspirations using sterile lubricant jelly and tubes 
chilled in a freezer rather than by icing. All of the 
reagents used in preparation of the gastric con- 
tents were sterilized daily. by autoclaving before 
use. 


RESULTS 
The results of the first series of gastric aspirates 
in employees and patients are presented in 
table 1. In the employee group, 21 cultures were 
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positive for unclassified mycobacteria, 18 of 
which were orange scotochromogens and _ 3, 
smooth, buff-colored nonphotochromogens. One 
culture was positive for M. tuberculosis. All of 
these organisms grew slowly. The culture of M. 
tuberculosis produced fatal disease in a guinea 
pig and was susceptible to all drugs. Repeated 
gastric aspirations and close follow-up study of 
the roentgenogram of this employee failed to 
reveal any evidence of tuberculosis, nor was 
another positive gastric culture obtained. 

The 10 cultures of unclassified mycobacteria 
found in the patient group were all of the orange, 
scotochromogen type, and all were slow growing. 


TABLE 1 


UNCLASSIFIED MYCOBACTERIA IN GASTRIC 
CONTENTS OF EMPLOYEES AND PATIENTS, 
Marcu-Juiy, 1957 
Old Technique 


Employees Patients 


Total persons... | 30 
Total gastric washings........ 112 | 101 
Number of positive smears. . . 2 

Number of positive cultures*. 21 10 
Per cent of positive cultures... 18.8 9.9 


Number of persons with 


positive cultures........... | 
Per cent of persons with | | 
positive cultures...........;° 16.8 | 


* “Positive’’ signifies the presence of un- 
classified mycobacteria only. 


All but one of the patients were known to have 
tuberculosis, and it was believed that the pul- 
monary disease in that case was not due to 
unclassified mycobacteria. The other 7 all had 
bacteriologically proved tuberculosis, but the 
sputum of most had become negative for tubercle 
bacilli prior to the study. One patient had one 
culture positive for both M. tuberculosis and 
an unclassified mycobacteria. All had reactive 
tuberculin skin tests. 

Organisms obtained from the employees were 
all catalase positive and resistant to isoniazid, 
PAS, and streptomycin except for the one culture 
of M. tuberculosis. No evidence of disease was 
produced in guinea pigs by the unclassified 
mycobacteria except for a weakly reactive 
tuberculin skin test. 

The results of the gastric aspirations during 
the second period of study are presented in 
table 2. During this study, all cultures from both 
personnel and patients were orange scoto- 
chromogens of the slow-growing variety, and 
none of the organisms from the employees 
produced disease in guinea pigs except for weakly 
reactive tuberculin skin tests. The organisms 
obtained from the employees were all catalase 
positive and resistant to the three major anti- 
tuberculous drugs. 

No employee had more than one culture 
positive for unclassified mycobacteria during 
both periods of study, whereas several patients 
did have two such cultures. Of the 21 employees 
from whom unclassified mycobacteria were ob 


TABLE 2 


UNCLASSIFIED MYCOBACTERIA IN GASTRIC CONTENTS OF EMPLOYEES 
AND PATIENTS, JANUARY-OCTOBER, 1958 


Effect of Technique Changes 


Total gastric. washings............ 


Number of positive 
Number of positive cultures*....... 


Per cent of positive cultures.................-: 


Number of persons with positive cultures............ 


Per cent of persons with positive cultures... .. 


Employees Patients 
Improved Technique! Old Technique |Improved Technique 
January-July, 1958 | January-May, 1958 | May—October, 1958 
87 40 87 
173 184 296 
9 
4 17 8 
2.3 9.2 2.7 
4 11 S 
4.6 9.2 


* “‘Positive’’ signifies the presence of unclassified myocbacteria only. 


| 
| 
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tained in the first series, 15 were restudied, with 
negative findings in all, 

Of the 19 patients yielding cultures positive 
for unclassified mycobacteria the 
series, 3 had cultures positive for M. tuberculosis 
during the same period, 5 did not have tuberculo- 
sis, and none were thought to have disease 
eaused by the unclassified mycobacteria. Three 
of the 5 nontuberculous patients had nonreactive 
tuberculin skin tests. 


second 


TABLE 3 
INCIDENCE OF UNCLASSIFIED MYCOBACTERIA 
SepUTUM AND GASTRIC CONTENTS OF PATIENTS 


IN 


WitTH PULMONARY DISEASE, SEPTEMBER, 
1959 
Source Sputum Gastric Contents 
Non- Nontu- 
Tuber- tuber- 2 Tuber- bercu- 
sease ease! 5 
Total pa 
tients 229 28 5 S6 12 4 
Total eul- 
tures 11,776 1O1 21 | 361 38 13 
Positive cul- 
Per cent of | 
positive 
cultures 0.6 2.5 
Patients 
with posi 
tive cul- 
tures 0) ] l 
Per cent of 
patients 
with posi- 
tive eul- 
tures 3.9 4 


* Positive’ signifies the presence of unclassi- 
fied mycobacteria only. 


ATWELL AND PRATT 


All nasal smears of the employees were negative 
for acid-fast bacilli. Attempts to culture myco- 
bacteria from ice, tap water, and mineral oil 
were not successful. 

The incidence of unclassified mycobacteria in 
sputum cultures as compared with gastric 
cultures was also examined. For this purpose 5 
patients who had sputum cultures consistently 
positive for unclassified mycobacteria and 
negative for M. tuberculosis were excluded 
because they were considered to have disease 
caused by unclassified mycobacteria. The data 
on the comparative incidence of unclassified 
mycobacteria in sputum and gastric culture in 
patients are presented in table 38. All of the 
unclassified mycobacteria were scotochromogens. 
None of the 8 patients who had both sputum 
and gastric cultures had cultures positive for 
unclassified mycobacteria on both types of 
examination. Of the 7 patients with gastric 
cultures positive for unclassified mycobacteria, 
8 of 32 cultures were positive and 33 sputum 
cultures were negative. One patient with 1 of 20 
sputum cultures positive for mycobacteria had 
6 negative gastric cultures. 


DISCUSSION 


The data have been subjected to statistical 
analysis. Associated with the changes in tech- 
nique of gastric aspiration, there was a significant 
reduction in the incidence of unclassified myco- 
bacteria in employees (18.8 per cent before change, 
2.3 per cent after) and in patients (9.2 per cent 
before change, 2.7 per cent after). There was no 
significant difference in the incidence of unclassi- 
fied mycobacteria between employees (2.3— per 
cent) and patients (2.7 per cent) when the same 
technique of aspiration was used. There was no 


TABLE 4 | 
ApsusTep Datra COMPARING THE First Two Gastric CULTURES IN PATIENTS AND PERSONNEL 


Collection Technique Improved 


| 


Item 


Total persons 

Total gastric washings 

Number of positive cultures* 

Per cent of positive cultures | 
Number of persons with positive cultures 


First Test | Second Test First and Second Tests 


Employees Patients ‘Employees Patients Employees | Patients 
Si S7 S6 S7 S7 7 
S7 S7 S6 173 174 

2 5 2 © 4 5 
2.3 5.7 2.3 2.9 
2 5 2 0 4 5 
2.3 2.3 0.0 4.6 


Per cent of persons with positive cultures 


* Positive’ 


signifies the presence of unclassified mycobacteria only. 
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difference in the incidence of unclassified myco- 
bacteria by three-month intervals from January 
through October. 

The difference in the percentage of persons 
positive seems rather large at first glance. These 
data were subjected to further analysis, using 
only the first two gastric washings obtained in 
each patient compared with the results in the 
employees. These adjusted data are presented 
in table 4. There was no significant difference 
in the incidence of unclassified mycobacteria 
comparing the first cultures, the second cultures, 
or the first and second cultures of employees 
(4.6 per cent) and patients (5.7 per cent). This 
suggests that the apparent difference in the total 
data (table 2) is a result of the greater number of 
specimens cultured in the patient group. | 

The incidence of unclassified mycobacteria in 
sputum cultures of patients with pulmonary 
disease has been stated to be from 0.5 to 4 per 
cent, with a patient incidence of 1.7 to 32 per 
cent (2-9). The incidence in gastric contents 
has been stated to be higher (3), ranging from 
Q to 25 per cent (4, 9, 10) in nontuberculous 
patients and from 0 to 1.8 per cent in healthy 
persons (6, 11). The incidence in patients with 
tuberculosis has been reported as high as 32 per 
cent (12). Most of these unclassified mycobacteria 
are scotochromogens which rarely produce 
disease (1). 

The marked variation in incidence has no 
proved explanation at this time. Acid-fast 
bacilli have been described in various reagents, 
in tap water, in various foods, in cold-blooded 
animals, as saprophytes in man, in grasses, and 
almost anywhere in nature (13-15). Since these 
organisms are sO common, contamination by 
them should be quite easy. 

The data presented here indicate the necessity 
for the use of every precaution in the collection 
of gastric samples to avoid contamination. The 
lowered incidence resulting from improved 
technique recommends constant reappraisal of 
methods to further reduce this incidence. 

Keltz and associates (9) and Burrows and 
Barclay (16) have suggested that the occurrence 
of seotochromogenic organisms related to 
previously active tuberculosis or to the chemo- 
therapy thereof. The sporadic and inconstant 
occurrence of these organisms and the equal 
incidence patients and healthy employees 
argues against any such relationship. It might 
be suggested that the employees contracted the 


organism from the patients. This transmission 
seems unlikely, because, if it occurred, the imei- 
dence of true tubercle bacilli in the employees 
should be much higher since the contact with 
this organism is greater than with unclassified 
mycobacteria. Also, MW. tuberculosis is more 
resistant to the techniques of processing the 
specimens. 

The finding of one culture of M. tuberculosis in 
a healthy employee was quite disturbing, but 
this occurrence has been reported (5, 17-19). 
The low incidence of falsely positive smears in 
the gastric concentrates of the employees suggests 
that the diagnostic value of gastric smears 
should be re-evaluated. 

In the Ohio Tuberculosis Hospital, pulmonary 
disease is occasionally shown to be produced by 
unclassified mycobacteria, particularly the photo- 
chromogens and rarely the scotochromogens. 
The present data reveal that there is a sporadic 
inconstant source of unclassified mycobacteria 
(scotochromogens) which is definitely related to 
the technique of gastric aspiration but unrelated 
to the presence or absence of pulmonary disease 
or antituberculous therapy. These observations 
suggest that the unclassified mycobacteria are 
not variants or mutants of M. tuberculosis. 


SUMMARY 

The incidence of unclassified mycobacteria in 
the gastric contents of healthy employees and 
patients with pulmonary disease and in the 
sputum of patients was investigated. The 
incidence of these organisms in both employees 
and patients was reduced by refinements in 
technique of gastric aspiration. The incidence 
was the same in both groups using the same 
technique of collection. The data suggest a 
sporadic inconstant source of — unclassified 
mycobacteria unrelated to tuberculosis or chemo- 
therapy with no evidence to support the theory 
that these organisms are variants of M. tubercu- 
losis. 


SUMARIO 


Los Bacilos Acidorresistentes Inclasificados 
en el Contenido Gaéstrico del Personal 
Sano y de los Enfermos de un 
Hopital de Tuberculosis 


Se investigéd la incidencia de bacilos dcidorre- 
sistentes inclasificados en el contenido géstrico 
de los empleados sanos y de los enfermos de 
afecciones pulmonares, vy en el esputo de los 


altimos. Se rebajé la incidencia de dichos micro- 
bios tanto en los empleados como en los enfermos 
mediante perfeccionamientos introducidos en la 
técnica de la aspiracién gdstrica. Usando la misma 
técnica de colecta, la incidencia de los gérmenes 
fué idéntica en ambos grupos. Los datos acopiados 
sugieren la existencia de un foco inconstante es- 
poradico de bacilos inclasificados sin relacién 
con la tuberculosis o la quimioterapia y= sin 
ninguna prueba que apoye la teoria de que dichos 
microbios son variantes del M. tuberculosis. 


RESUME 


Bacilles acido-résistants non classés trouves 
dans le contenu gastrique de membres 
du personnel en bonne santé et de 
malades dans un hopital 
pour tuberculeux 


Les auteurs ont étudié la fréquence de bacilles 
acido-résistants non dans le contenu 
gastrique d’employés sains, de malades ayant une 
maladie pulmonaire et dans l’expectoration des 
malades. La fréquence de ces organismes chez les 
employés et chez les malades fut diminuée grace 
4 des améliorations apportées dans la technique 
de aspiration du contenu gastrique. La fréquence 
de ces organismes fut Ian méme chez les deux 
groupes en utilisant la méme technique pour 
obtenir le contenu gastrique. Les résultats notés 
font supposer l’existence d'une source inconstante, 
sporadique de bacilles non classés, n’ayant aucune 


+ 
Classés 


relation avee la tuberculose ou la chimiothérapie, | 


et n’offrant aucune évidence permettant de 


soutenir la théorie que ces organismes sont des. 


rariétés de M. tuberculosis. 
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TUBERCULIN SKIN REACTIONS IN MICE HYPERSENSITIZED BY 
VACCINATION WITH LIVING AVIRULENT TUBERCLE BACILLI!” 


ALFRED J. CROWLE® 


(Received for publication August 7, 1959) 


INTRODUCTION 


Delayed hypersensitivity to tuberculoprotein, 
or tuberculin allergy, is studied most commonly 
in guinea pigs, rabbits, and man. Although the 
importance of mice to tuberculosis research has 
increased greatly in recent years, the idea that 
these animals develop little or no tuberculin 
allergy apparently has prevented their use in 
connection with this phenomenon. Moreover, 
this notion has discouraged interpretations of 
mouse experiment results in the light of possible 
effects that this kind of allergy might have had 
upon them. However, this is hardly surprising 
since until recently data that mice could de- 
velop delayed hypersensitivity were equivocal, 
and after early discouraging reports the problem 
attracted little attention. Proof gathered in 
various laboratories during the last five years no 
longer permits a casual dismissal of the notion 
that mice do develop tuberculin allergy and 
that, as in the larger laboratory animals and in 
man, this allergy may affect the functions of 
tuberculo-immunity or be instrumental in the 
pathogenesis of tuberculosis in mice. 

Selbie and O’Grady (1) and O’Grady (2) 
in England, and Gray and his colleagues (3, 
4) in Australia, using different techniques and 
with different strains of tuberculous mice, 
detected what they interpreted as delayed hyper- 
sensitivity to either tuberculin or tubercle bacilli. 
Experiments recently reported in this country 
(5-7) support and amplify the findings of these 
investigators. Mice infected with small quantities 
of living virulent tubercle bacilli or vaccinated 
with water-in-oil emulsions of living avirulent 
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biology, University of Colorado School of 
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bacilli and later challenged intravenously with 
aqueous suspensions of either type were shown 
by increases in lung specific gravity to undergo 
immunologically specific delayed reactions which 
could not be accounted for on the basis of simul- 
taneously present anaphylactic antibodies (5). 
Other experiments showed that a delayed type of 
reaction to tubercle bacilli or their proteins 
could be detected in any of seven different in- 
bred strains of mice by the techniques of Selbie 
and O’Grady and of Gray and Jennings, as well 
as by systemic tests, rectal temperature read- 
ings, the lung specific gravity metho, and intra- 
cutaneous protein injections (6). 

The last of these techniques, the tuberculin 
skin test, as the most widely used method for 
detecting tuberculin allergy seems to have the 
greatest influence on opinions with regard to the 
competence of any animal species to develop 
the allergy. Thus, consistent failures by inves- 
tigators to elicit tuberculin skin reactions in 
mice are the evidence most often quoted to 
imply that these animals cannot become allergic 
to tuberculoproteins. However, delayed hyper- 
sensitivity to ovalbumin can be induced in these 
animals (7). It is believed, moreover, that the 
skin test experiments reported previously (6) 
and amplified here provide the necessary evi- 
dence that mice can develop a classic delayed 
type of skin reaction to tuberculoprotein. 


MATERIALS AND METHODS 


Mice: CF-1white mice of both sexes, purchased 
for these experiments at six to eight weeks of age 
from Carworth Farms (New York), were kept in 
groups of approximately 10, and were maintained 
on Rockland mouse pellets and water. 

Hypersensitization and skin-testing: The mice 
were hypersensitized with living H37Ra tubercle 
bacilli grown on slightly modified Kirchner liquid 
medium; they were challenged with tuberculo- 
protein prepared from unheated filter-sterilized 
medium used to grow these bacilli (5). Water- 
in-oil emulsions of bacilli employed for hyper- 
sensitization were made with Arlacel A,* n-hexa- 


*Mannide monooleate, a donation of the Atlas 
Powder Company, Wilmington, Delaware. 


¢ 
7 


SO4 


decane, and physiologic phosphate buffer at pH 
7.4, as deseribed elsewhere (6). Fresh solutions of 
protein for each series of tests were prepared by 
dissolving the needed quantity of Ivophilized 
tuberculoprotein in the physiologic sodium 
phosphate buffer. | 

Test mice were hypersensitized by two subcu- 
taneous injections of 0.1 ml. water-in-oil emulsion 
each containing 0.5 mg., wet weight, of H37Ra 
bacilli. These injections were given a week apart 
in opposite sides of the groin, and then two weeks 
were allowed to elapse before tests were begun. 
Control mice were treated similarly but with 
water-in-oil emulsion containing tubercle 
bacilli. 

Skin tests were performed on the shaved flank 
with 0.01 ml. of | per cent tuberculoprotein as 
detailed in a previous publication (6), but with 
one exception. In the later experiments (below) 
mice were anesthetized with ethyl-ether vapor 
rather than sodium secobarbital® before being 
immobilized with tape on a glass plate for intra- 
cutaneous injection. This change in anesthetics 
lowered the incidence of occasional anesthetic 
deaths and was presumed to lessen interference 
by anesthesia with immediate hypersensitivity 
reactions (8). No differences were noted in delayed 
hypersensitivity reactions occasioned by this 
change in technique. 

Skin test readings: Delayed skin reactions were 
read using three measures. The first was milli- 
meters in diameter of visible and/or palpable 
induration. As mentioned previously (6, 7), no 
erythema developed in these tests. Reactions 
equaling or exceeding 3 mm. in diameter were con- 
sidered positive since rarely did more than. one in 
10 normal mice skin-tested with tuberculoprotein 
by this method develop a reaction of this size. 
The second measure was an estimate of how many 
times thicker affected skin was than the sur- 
rounding normal skin, and the third was a record 
of whether central necrosis was present. Under 
the present experimental conditions with the 
tuberculoprotein system, how meaningful the 
last measure may be is not vet clear. 

Drugs: Two drugs were used for some of the 
experiments. One was injectable” solution of 
tripelennamine hydrochloride® and the other 
injectable saline suspension of cortisone acetate.’ 
Both were diluted: appropriately in) physiologic 
salt solution for inject’ on. | 


EXPERIMENTAL RESULTS 


Skin reaction characteristics: It is possible that 


failure to demonstrate tuberculin) allergy in 


5 Manufactured as Seeonal by Eli Lilly and 
Company, Indianapolis, Indiana. 

Manufactured as Pyribenzamine by 
Pharmaceutical Products, Ine., Summit, 
Jersey. 

7 Manufactured as Cortone by Merck Sharp & 
Dohme, Philadelphia, Pennsylvania. 
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TABLE | 


COMPARISON OF 48-HourR Skin Test RESULTS 
OBTAINED AT DIFFERENT TIMES FROM 
TEST AND CONTROL MICE IN 


DIFFERENT PERIMENTS 
‘Mean In- Per. Cent 
a Vaccination durationt | Positivet 

Test Control Test Control 

| 
M 86 H 4 24, 09 | @; 
M 93 Hb 4 4.6 es | 90 10 
M 93 Hd 7 0.32 | 10 
M 93 He 4 
M 123 H 1 3.6 6:2 | 100 0) 


vaccination with 
in water-in-oll 


* Time following initial 
living H37Ra_ tubercle bacilli 
emulsion. 

+ Diameter in millimeters. 

t Induration diameter = 3 mm. 


mice, particularly by the skin test, is the result 
of insufficiently strong hypersensitization tech- 
niques. It may be seen in table 1 that mice can 
be hypersensitized reliably by vaccination with 
water-in-oil emulsions of living tubercle bacilli. 
The difference between these test mice and their 
controls, which received water-in-oil emulsion 
alone, in skin reactivity measured forty-eight 
hours after challenge was definite and consistent. 
The data in table 2, showing results from an 
average experiment, confirm the consistency of 
the challenge technique and the regularity of 
intragroup reactivity; they also illustrate the 
range and magnitude of reactions which can be 
expected in this kind of experiment. 
Although central necrosis developed on. vir- 
tually all control animals shown in table 2, it was 
neither as intense nor as persistent as in test 
mice; indeed, in some experiments it was in- 
frequent or absent among the former. Appar- 
ently, in unsensitized mice, necrosis resulted 
from injection trauma combined with the moder- 
ate toxicity of the particular batch of tuberculo- 
protein used for experiments described this 
paper. This idea has been confirmed by separate 
similar experiments, using for skin tests another 
batch of tuberculoprotein prepared — similarly 
but from a different source. This protein. in- 
jected at 4, 2, or 1 per cent intradermally pro- 
voked no necrosis in unsensitized mice and at 
its greatest concentration rarely was able to 
induce induration exceeding | mm. In hyper- 
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TABLE 2 
RESULTS FROM INDIVIDUAL TUBERCULOPROTEIN 
Skin Tests PERFORMED ON MICE OF A 
TyprcAL DELAYED HYPERSENSITIVITY 
IeXPERIMENT Four WEEKS AFTER 
THEIR INITIAL VACCINATION 


Hypersensitized Mice Control Mice 


| Necrosis | = _ Necrosis 
24-hour readings 
2 2 + ] tr + 
4 2 + l 2 + 
3 5 + ] tr -, 
3 4 + tr 
4 4 + 2 tr + 
2 2 + 3 3 + 
2 + 2 2 + 
6 4 + 2 tr 4 
3 4 + 1 tr + 
48-hour readings 
+ 1 2 + 
4 4 + 1 tr + 
7 5 + 0 0 
6 3 + 1 2 + 
3 2 + ] tr + 
5 4 + 1 tr + 
6 4 + 1 tr + 
3 2 + 3 3 + 
2 3 | 2 


* Induration in millimeters. 

t Times normal skin thickness. 

Trace of induration thickness indicated by 
9? 


sensitized mice, it regularly caused necrosis at 
all three concentrations and an average indura- 
tion of 4 mm. at its two larger concentrations, 
as contrasted with an average of 0.6 mm. for 
nonsensitized mice. Neither it nor the more 
toxic batch of protein induced erythema in 
either sensitized or unsensitized mice. Photo- 
graphs of mouse tuberculin skin reactions have 
been published elsewhere (6). 

Induction period: Skin hypersensitivity within 
groups of vaccinated mice became detectable 
within a week. In figure 1, this is illustrated by 
development in these mice of a mean induration 
diameter of 3.6 mm. forty-eight hours after a 
tuberculoprotein skin test, compared with an 
induration of 0.8 mm. in control mice (the latter 
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value, was obtained, for greater significance 
from the pooled data of several experiments in 
which control mice were tested identically). 
For these same sensitized mice, tested one week 
after vaccination, skin thickness over the test 
site was approximately twice that in control 
animals. At two, three, and four weeks after 
vaccination, as is shown in figure 1, the mean 
induration for sensitized mice was 5.8, 4.5, and 
4.1 mm., respectively. From the second week, 
attenuation of hypersensitivity seemed to be 
regular, little remaining beyond the twenty- 
fourth week when mean induration was only 
2.8 mm. 

Individual mice in the first experiment were 
skin-tested only once to eliminate any possible 
influence that intracutaneous test injections of 
tuberculoprotein might have on hypersensitivity 
development. However, tests indicated for the 
second experiment were done on one group of 
mice. Since other experiments (unpublished) 
have shown that the tuberculoprotein skin-test- 
ing in this laboratory has little, if any, “boosting” 
effect on existing delayed hypersensitivity in the 
mouse or ability to induce this hypersensitivity, 
the longevity of the hypersensitive state shown 
in figure 1 does not seem likely to have been a 
result of these repeated skin tests. 

The simultaneous presence of immediate and 
delayed skin reactivities separable by tempo of 
appearance after challenge and other charac- 
teristics has been observed in mice (7). On the 
basis of these, the immediate response has been 
measured as milliliters of diameter of edema 
developed by the third hour after intracutane- 
ous challenge. This measurement performed 
periodically on mice of the first experiment in 
figure 1 showed that, although immediate hyper- 
sensitivity to tuberculoprotein developed within 
one week of vaccination (figure 2), it did not 
seem to mature as rapidly as delayed hyper- 
sensitivity. Reaction intensity to  tuberculo- 
protein in such experiments has never been 
observed to equal that against egg albumin after 
similar vaccination (7): petechiae have been 
absent from the immediate type of reaction to 
tuberculoprotein. As has been true of the de- 
layed reactions, no observable erythema de- 
veloped during these immediate hypersensitivity 
reactions. | 

Effects of drugs: Cortisone depresses many 
kinds of inflammatory reaction. Well-known 
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WEEKS AFTER VACCINATION 


Fig. 1. Mean induration diameter and mean relative thickness of tuberculoprotein skin reactions at 
forty-eight hours. These tests were performed on mice of two separate but experimentally equivalent 
experiments, ending for one group four weeks after initial vaccination and beginning for the other six 
weeks after vaccination. Average reaction levels shown for unsensitized control animals are based on 


results from a large series of skin tests. 
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WEEKS AFTER VACCINATION 


Fic. 2. Growth in mice of immediate-type skin hypersensitivity (diameter of edema read three 
hours after challenge) to tuberculoprotein with the passage of time after vaccination with living H37Ra 


bacilli in water-in-oil emulsion. 


among these is its effect against delayed hyper- 
sensitivity (9, 10). Antihistamine drugs, on the 
other hand, do not affect the delayed type of 
reactions (9) but rather inhibit histamine- 
mediated immediate allergic reactions (11). 
- Therefore, if cortisone could be shown to be 
effective against the delayed phase of the skin 
reactions which are being studied in mice and 
an antihistamine effective against only the imme- 
diate (edematous) phase, identification of the 
two types of hypersensitivity would be more 
substantially supported. As is shown in figure 3, 
this is exactly what happened when subjected 
to study. 


In one part of this experiment, a group of 
hypersensitized mice was divided into two sub- 
groups of 5 each. One group remained untreated 
with cortisone while, in the other group, each 
mouse received intraperitoneally 1 mg. of this 
drug in 0.2 ml. of Tyrode solution thirty minutes 
before skin testing and again twenty-four hours 
after challenge. In the second part of this experi- 
ment, two other similar groups of hypersensitized 
mice were used in the same way to study the effects 
of the antihistamine triplennamine hydrochloride. 
Treated mice in this part of the experiment 
received four subcutaneous injections of 0.14 
mg. of triplennamine hydrochloride in 0.1 ml. of 
physiologic phosphate buffer thirty minutes be- 
fore challenge and sixteen, twenty-four, and forty 
hours later. For convenience, these treatment 


‘ 


TUBERCULIN SKIN REACTIONS IN MICE 897 


mm. MEAN EDEMA (3 bra.) OR 
INDURATION (24 & 48 bea) 


Certisene 


° 24 48 


HOURS AFTER TEST 
Fic. 3. Effects of cortisone acetate and triplennamine hydrochloride, respectively, on immediate and 
delayed phases of hypersensitized mouse skin reactions to tuberculoprotein. The immediate phase is 
represented by three-hour edema measurement, and the delayed by twenty-four- and forty-eight-hour 
induration measurements. Times of drug treatments are indicated by stars along the abscissas. 


times are indicated by stars along the abscissas 
of figure 3. 


The results shown in this figure clearly indi- 
cate that cortisone suppressed both immediate 
(edematous) and delayed (induration) phases of 
hypersensitive mouse skin reactions to tuberculo- 
protein, and it is also quite obvious that tri- 
plennamine hydrochloride inhibited only the 
immediate phase. For example, neither cortisone- 
nor triplennamine hydrochloride-treated hyper- 
sensitized mice showed any edema three hours 
after the skin test, while their untreated controls 
showed 5.1 and 6.6 mm. of edema, respectively. 
Untreated mice developed a mean induration 
of 3.3 mm. forty-eight hours after the skin 
test while cortisone suppressed this type of reac- 
tion to 1.7 mm. Triplennamine hydrochloride 
had no effect on this delayed reaction: the treated 
mice developed slightly greater reactions than 
the untreated mice, mean induration for the 
two groups being 4.4 and 3.3 mm., respectively. 

Specific desensitization: Anaphylactic hyper- 
sensitivity can be quelled readily by specific 
desensitization (12, 13). In the experience of the 
present writer, a single large dose of tuberculo- 
protein suffices in mice (5). On the other hand, 
classic delayed hypersensitivity, whether to 
tuberculoprotein or to other antigens, is no- 
toriously difficult to suppress by this process 
(14). This difference between the two types of 
allergy is useful for differentiating them for, 
if the immediate type could be abolished while 
the skin reaction’s delayed phase remained un- 
hampered, then the two types of hypersensitivity 


would be identified by another criterion. It has 
been shown elsewhere that anaphylactically 
desensitized mice can react in delayed fashion 
to intradermally injected tuberculoprotein (6). 
This observation has been confirmed several 
times by the present writer. For example, it has 
been found that hypersensitized mice anaphylac- 
tically desensitized with 1 mg. of tuberculopro- 
tein injected intraperitoneally, when challenged 
twenty-four hours later, showed delayed skin 
reactivity not essentially different from that in 
undesensitized controls, even though the mice 
may have been suffering mild tuberculin shock 
at the time when they were skin-tested. Although 
it has also been possible to suppress the delayed 
type of skin reactivity by desensitization, the 
following experiment will illustrate how vigorous 
a contrasting treatment is required for success. 


Mice sensitized in the usual manner and proved 
reactive by tests were injected intraperitoneally 
every other day with 0.2 ml. of Tyrode solution 


containing 1 mg. of tuberculoprotein prepared 


from autoclaved culture medium which had 
supported growth of virulent human tubercle 
bacilli (Erdman). Four of these injections were 
given followed by a fifth of 5 mg. The first three 
elicited progressively milder systemic tuberculin 
reactions. The fifth caused a moderate, temporary, 
and rapidly passing apparently toxic reaction. 
Four days after the fifth treatment, these test 
mice and 10 untreated hypersensitive control 
mice were each skin-tested with tuberculoprotein 
from the batch routinely used for this purpose, 
i.e., protein prepared from unheated culture 
medium which had supported H37Ra growth. 
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Fic. 4. Per cent of positive skin reactions 
(3 mm. or more induration diameter forty-eight 
hours after challenge) in undesensitized mice, 
desensitized mice, and unsensitized control mice. 
The same groups of mice tested with heterologous 
tuberculoprotein were tested three days later with 
homologous protein, that is, the batch of protein 
used for desensitization. 


Results (figure 4) show that partial desensi- 
tization was achieved against what might be 
judged a rather heterologous antigen. It may 
also be seen in figure 4 that, when the mice of 
this experiment were retested with the same 
kind of protein used for desensitization three 
days after the first skin test, delayed reactions 
were more strongly repressed. This second 
batch of protein apparently was rather toxic 
since, as may be seen, an unusually large number 
of unsensitized control mice “reacted,” and, 
as has been noted, 5 mg. injected intraperitone- 
ally at the end of the desensitizing treatment 
series caused a general toxic reaction. That the 
desensitized mice were less affected than even 
unsensitized (essentially normal) control mice 
suggests that some nonspecific desensitization 
to the protein’s toxicity also was effected. | 

Passive transfer: The best criterion presently 
available for differentiating delayed hypersensi- 
tivity reactions from immediate reactions is to 
demonstrate that the delayed reactivity can be 
transferred passively from vaccinated to normal 
animals with lymphoid cells but not with serum, 
and that the immediate reactivity is transferred 
with serum but not with cells. Since this proce- 
dure has been applied successfully to distin- 
guishing these types of skin hypersensitivity 
to ovalbumin in mice (7), it now was attempted 
with the tuberculoprotein system. 
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A group of 10 mice shown hypersensitive by 
tests made six days before were used as immune 
donors, and 10 normal mice supplied control cells 
and serum. Each mouse was lightly etherized and 
then exsanguinated from severed armpit vessels, 
the blood from mice of a group being pooled. 
Immediately after each was bled, its rib cage was 
opened and its thymus glands and attached 
lymph nodes were removed and pooled with those 
of others in its group in 10 ml. of Tyrode solution 
kept at 37°C. The pooled blood was allowed to 
retract for one hour at body temperature; the 
serum was then drawn off. Each of 10 normal mice 
was injected intraperitoneally with 0.4 ml. of this 
undiluted pooled serum and skin-tested 
twenty-four hours later. 

The pooled thymus glands in their Tyrode 
solution were poured into a large medium-grind 
Ten Broeck tissue grinder and homogenized by 
two slow twisting piston excursions. The homog- 
enate, poured from the grinder into a centrifuge 
tube, was centrifuged at 500 g. for fifteen minutes, 
and most of the resulting supernatant fluid was 
drawn off and discarded, leaving 4.5 ml. of the 
original volume, in which the sediment then was 
resuspended gently. The suspension was injected 
in 0.4 ml. aliquots intraperitoneally into 10 normal 
recipient mice which were skin-tested forty-eight 
hours later. Approximately two hours elapsed 
from the time the first donor was killed and the 
last recipient was injected. 


The first experiment (figure 5) suggests that 
mice which received either serum or cells from 
hypersensitive donors may have had slightly 
more delayed skin reactivity to tuberculoprotein 
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Fic. 5. Per cent of positive skin reactions (3 
mm. or more induration forty-eight hours after 
challenge) in two passive transfer experiments in 
mice receiving serum or lymphatic tissue 
(‘‘nodes’’) from normal or immunized mice. 
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than those receiving normal cells or serum. 
However, since, in any set of normal animals 
being skin-tested, the technique used often 
causes one mouse in ten to “react”? (3 mm. skin 
induration), the differences between mouse 
groups in this passive transfer experiment 
hardly could be meaningful. 

Since this experiment had failed, some modifi- 
cations in technique were made for another at- 
tempt to passively transfer tuberculin allergy in 
mice. 


A group of 10 mice from the same initial series 
of animals was used as donors. They were skin- 
tested one week before being used to confirm 
their hypersensitivity. The quantity of trans- 
_ ferred tissue was approximately doubled by using 
only 5 recipients, although the fluid volume 
injected was the same. Tissue homogenate was 
prepared in the same way. Serum from immunized 
and nonimmunized mice was obtained as in the 
previous experiment except that the clot was 
allowed to retract overnight in the refrigerator; 
each recipient was injected with 0.6 ml. of un- 
diluted serum instead of the 0.4 ml. used before. 
Again, cell recipients were skin-tested forty-eight 
hours—and serum recipients twenty-four hours— 
after passive transfer. However, special pre- 
cautions were taken to obtain maximal significance 
from the skin tests. All recipients were tested at 
the same time with the same protein solution and 
the intracutaneous injections were performed 
with utmost care to minimize nonspecific reactions. 
Instead of the 0.01 ml. usually injected, 0.015 ml. 
was employed. 


As the second experiment (figure 5) clearly 
shows, mouse recipients of immune thymus cells 
reacted specifically to tuberculoprotein, while 
mice receiving normal cells or serum from 
either normal or hypersensitive mice uniformly 
were unreactive. This finding that mice can be 
made passively hypersensitive to tuberculopro- 
tein by transfer of thymus cells, but not serum, 
has been repeated in separate experiments, but 
only when the donor-recipient ratio is at least 
as great as was used in the first experiment 
reported here. Such results, of which figure 5 


is a particular illustration, supply further evi-— 


dence that mice develop classic tuberculin al- 
lergy detectable by skin tests. 


DISCUSSION 


The observations presented confirm the belief 
that appropriate skin tests can detect tuberculin 
allergy in properly hypersensitized mice. Skin 
reactions developed with the same tempo as in 


the larger animals and had the same appearance 
except for their lack of erythema. They could be 
prevented with cortisone but not with triplenna- 
mine hydrochloride. Hypersensitivity responsible 
for these reactions could be transferred passively 
with lymphoid cells but not with serum, and it 
could be diminished by specific desensitization, 


but only by treatments considerably exceeding — 


in intensity those needed to abolish immediate 
hypersensitivity. 

As in previous experiments utilizing ovalbumin 
antigen (7), tuberculoprotein injected intrader- 
mally into hypersensitized mice provoked both 
immediate and delayed phases of reactions due, 
respectively, to anaphylactic and delayed hyper- 
sensitivities. These were distinguishable not 
only by their times of development but also by 


- all the criteria just mentioned. Arthus reactions 


have not been observed in the present experi- 
ments with tuberculoprotein, although pre- 


cipitating antibodies to this antigen have been | 


detected in some of the mice. In contrast, the 
experience (unpublished) of the present investi- 
gator with the apparently much stronger anti- 
gen ovalbumin shows that these animals develop 
strong precipitating antibodies to it which appar- 
ently cause Arthus skin reactivity. In prolonged 
experiments, the Arthus reactions developed by 
these mice physically obscure true delayed 
hypersensitivity reactions. 

Three subjects concerned with the present 
experiments deserve special discussion. The 
first has to do with the suppressive effects of 
drugs on immediate and delayed skin reactions. 
The second pertains to specific desensitizing 
characteristics of delayed hypersensitivities and 
introduces a supplementary discussion and com- 
parison of classic tuberculin allergy and the type 
of delayed hypersensitivity recently investigated 
in some detail by Uhr and associates (15). The 
third subject is the probable importance of de- 
layed hypersensitivity in tuberculous pathogene- 
sis in mice and how it may affect tuberculo-im- 
munity observed in these animals. 

Utilizing the effects of various drugs to dif- 
ferentiate immediate from delayed hypersensi- 
tivity is at best risky, since some drugs can 
suppress both types of reaction while others 
specific for one kind may act only in selected 
animal species or may affect one type of imme- 
diate hypersensitivity but not another. More- 
over, the results can be confused by superposi- 
tion of several types of hypersensitivity upon 
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each other. Nevertheless, under fortunate con- 
ditions, such as obtained in the present experi- 
ments, this method of differentiation can be use- 
ful. Also, its use also yields information helpful 
to understanding hypersensitivity mechanisms. 

That cortisone inhibited both immediate and 
delayed phases of the tuberculoprotein skin 
reaction in mice agrees with what is known about 
its effects against inflammation. It has a well- 
documented suppressive action on tuber- 
culin skin reaction in the larger animals and in 
man (9, 10). Although cortisone often is thought 
to be unable to ameliorate immediate hyper- 
sensitivity reactions, is said to be ineffective 
against anaphylaxis in guinea pigs (16, but see 
17), and cannot prevent passive cutaneous ana- 
phylactic reactions in these animals (11, 18), it 
does suppress mouse anaphylaxis (19). It has 
been reported to counteract edema in the Arthus 
reaction (20). By precedent, then, cortisone 
might be expected to inhibit both phases of the 
skin reaction. It may: have acted as a general 
anti-inflammatory agent (9, 10) by its slight 
antihistaminic activity (20) or by inhibiting some 
event in a chain of events leading indirectly to 
later injurious tissue changes and _ originally 
provoked by antigen-antibody combination (16). 

Currently, histamine is not thought to be pri- 
marily responsible for the immediate type of reac- 
tion in mice because these animals natively are so 
resistant to it. This point is set forth well by 
Malkiel and co-workers (21, 22) who also pro- 
pose, however, that antigen-antibody reactions 
may liberate small amounts of histamine which 
could supplement or trigger other anaphylactic 
mechanisms in mice (21). Hence, this liberation, 
which might occur intracellularly and thus be 
easily overlooked (11, Benacerraf in 23), could 
initiate or take vital part in a series of reactions 
culminating in anaphylactic shock (24). Cam- 
eron’s recent work (24), showing that bovine 
gamma_ globulin-induced mouse anaphylaxis 
can be almost totally prevented with the anti- 
histaminic mepyramine maleate (Anthisan®) 
demonstrates that antihistaminics and perhaps 
histamine may have unexpectedly important 
roles in mouse anaphylactic hypersensitivity 
reactions. In other animals, anaphylaxis and 
passive cutaneous anaphylaxis can be suppressed 
with antihistaminics (11), but the Arthus reac- 
tion may not be (11, 23). 

Evidence from other laboratories does not 


ALFRED J. 


CROWLE 


necessarily conflict, then, with the present find- 
ings that the antihistaminic triplennamine 
hydrochloride inhibitis what appears to be a 
local anaphylactic skin reaction in mice. How- 
ever, Malkiel and Hargis (22) have reported 
that, although triplennamine hydrochloride 
inhibited histamine shock in their mice, it did 
not inhibit anaphylactic shock. They used as 
much as four times the drug quantity used in 
the present study and an entirely different 
antigen-antibody system. Perhaps the systemic 
anaphylactic reaction involving either more 
tissue or tissue with a different kind of response 
to antigen-antibody reactions may be sup- 
pressed by entirely different doses or types of 
drugs than are necessary for local reactions. 
What antigen-antibody system is used also 
may have considerable importance. 

As in other animals, anaphylactic hyper- 
sensitivity in mice can be suppressed quite 
easily by specific desensitization (5, 12, 13); 
recovery from anaphylactic shock makes the 
mice refractory to subsequent antigen injections. 
Results reported here suggest that mouse tuber- 
culin allergy yields to specific desensitization 
but only upon the same persistent treatment re- 
quired in the larger animals (14). Thus, this is 
dissimilar to either immediate hypersensitivity 
or the type of delayed hypersensitivity de- 
scribed by Uhr and associates (15) which appar- 
ently can be abolished by specific desensitization 
as easily as anaphylactic hypersensitivity. 
With respect to the latter, the significance of the 
finding previously reported (6) and confirmed 
in present experiments should be emphasized 
i.e., that mice anaphylactically desensitized 
retain the delayed type of skin reactivity. This 
reactivity’s development does not seem to be a 
phase in the growth of immediate hypersensitiv- 
ity, as suggested by Pappenheimer and Freund 
(15). For, although in the present experiments 
the delayed hypersensitivity apparently ‘‘ma- 
tured’’ more rapidly than the immediate, it 
remained essentially undiminished while imme- 
diate hypersensitivity continued development, 
apparently independently. Hence, the present 
writers would agree with the opinion (25) that 
perhaps more than one basic type of delayed 
hypersensitivity exists. 

The pathogenesis of tuberculosis in man and 
in most animals is described with frequent refer- 
ences to delayed hypersensitivity, particularly 


TUBERCULIN SKIN REACTIONS IN MICE 901 


for the role this allergy has in provoking tissue 
destruction characteristic of it (14). However, 
only recently (3, 4) has it been possible to impli- 
cate this allergy in the development of mouse 
tuberculosis because these animals generally 
have been thought not to develop it. Revising 
present views on this subject, in the light of 
knowledge that they do, may permit clarification 
of some yet inadequately explained observations 
made on tuberculosis and similar diseases in 
these animals. 

For example, Sever and Youmans (26) made 
the intriguing observation that the tubercle 
bacillary population in the lungs of mice with 
chronic tuberculosis attains a certain level and 
then becomes constant, neither increasing nor 
decreasing significantly. Yet, these mice even- 
tually die of tuberculosis from “respiratory in- 
sufficiency,” in which their lungs have become 
congested and edematous and “show massive 
infiltration by mononuclear cells” (26, 27). In 
some of the unpublished experiments from this 
laboratory, it has been found that mice that died 
after more than a year’s infection with tubercle 
bacilli showed enlarged, congested, and hemor- 
rhagic lungs without grossly visible tubercles 
in which only moderate numbers of poorly 
staining granular tubercle bacilli could be found. 
The lungs of mice dying from chronic tuberculosis 
bear a striking resemblance to those of mice 
killed by, or during, tuberculin shock (85). 
Perhaps, then, death of the chronically tubercu- 
lous mouse is precipitated by delayed hyper- 
sensitivity reactions between its lungs and per- 
sisting tubercle bacilli. If this proves true, then 
one aspect of tubercle bacillary virulence for 
mice would rest in bacillary capability to remain 
in the mouse lung long enough and in sufficient 
numbers to elicit fatal delayed hypersensitivity 
incapacitation of the lungs. This aspect might 
also be of some importance in mouse death from 
acute tuberculosis since the writer has shown 
that tuberculin allergy can develop within as 
little as a week after vaccination. The effective- 
ness of acquired tuberculo-immunity, then, 
might very well depend in mice upon how greatly 
growth of the bacillary population can be cur- 
tailed, since the greater it is the more vigorous 
might be the victim-parasite allergic reaction 
and consequent lung destruction. | 


SUMMARY 


Mice vaccinated subcutaneously with water- 
in-oil emulsions of living, avirulent tubercle 
bacilli (H37Ra) developed immediate and de- 
layed hypersensitivities to tuberculoprotein 
detectable and distinguishable by skin tests 
performed with this antigen. The former, an 
anaphylactic type of hypersensitivity, could be 
suppressed readily by specific desensitization 
or by treating the animal with tripelennamine 
hydrochloride (Pyribenzamine®) or cortisone. 
The immediate reaction was a rapidly developing 
edematous skin swelling which subsided before 
the reaction due to delayed hypersensitivity 
had developed significantly. The latter—classic 
tuberculin allergy—could be specifically sup- 
pressed only by a series of desensitizing injections. 
It was not affected by tripelennamine hydro- 
chloride but was counteracted by cortisone. The 
delayed reaction in the skin developed several 
hours after challenge and was characterized 
principally by induration and necrosis. The 


delayed hypersensitivity was transferred pas- 


sively from hypersensitive to normal mice with 
thymus-gland and lymph-node homogenates 
but not with serum. 


SUMARIO 


Cutirreacciones a la Tuberculina en Ratones Hiper- 
sensibilizados por la Vacunacidén 
con Bacilos Tuberculosos 
Avirulentos Vivos 


Los ratones vacunados subcutdneamente con 
emulsiones de bacilos tuberculosos avirulentos 
vivos (H37Ra) en agua-en-aceite manifestaron 
hipersensibilidades inmediata y tardia a la tuber- 
culoproteina, descubribles y distinguibles con 
cutirreacciones ejecutadas con dicho antigeno. 
La primera, forma anafildctica de hipersensibili- 
dad, puede suprimirse fdcilmente por la desen- 
sibilizacién especffica o tratando el animal con 
enamina-triple (Piribenzamina®) o cortisona. 
Prodtcese asi una hinchazén cuténea edematosa 
de rApido desarrollo que cede antes de que tome 
mayor auge la reaccién debida a la hipersensibili- 
dad retardada. La dltima—clasica alergia tuber- 
culinica—puede suprimirse tinicamente con una 
serie de inyecciones desensibilizantes. No la 
afecta la enamina-triple, pero la contrarresta la 
cortisona. Ocasiona la misma una cutirreaccién 
que aparece varias horas después de la provo- 
cacién y se caracteriza principalmente por indu- 
racién y esfacelo. La hipersensibilidad retardada 
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fué transmitida pasivamente de los ratones hiper- 
sensibles a los normales con homogeneatos del 
timo y de los ganglios linféticos, pero no con 
el suero. 


RESUME 
Cutiréactions a la tuberculine chez des souris 
sensibilisées par vaccination avec des 
bacilles tuberculeux vivants, 
non virulents 


es souris vaccinées par voie sous-cutanée avec 
des émulsions d’eau et d’huile de bacilles tuber- 
euleux vivants, non virulents (H37Ra) dévelop- 
perent une hypersensibilité immédiate et retardée 
vis A vis des protéines tuberculiniques, ce qui fut 
détecté et étudié par des réactions cutanées 
produites par cet antigene. La premiére réaction 
du type anaphylactique d’hypersensibilité peut 
étre supprimée surement par désensibilisation 
spécifique, ou en traitant l’animal par la triple- 
ennamine (Pyribenzamine®) ou par la cortisone. 
Cela cause un éd@me cutané qui se développe 
rapidement et persiste avant que la réaction due 
A Vhypersensibilité retardée ne s’installe nette- 
ment. La derniére réaction—classique allergie A 
la tuberculine—ne peut étre supprimée d’une fagon 
spécifique par une série d’injections désensibili- 
santes. Elle n’est pas affectée par la triple-enna- 
mine, mais est enrayée par la cortisone. Elle 
cause une réaction cutanée qui se développe 
plusieurs heures aprés et est caractérisée princi- 
palement par une induration et de la nécrose. 
L’hypersensibilité retardée fut transferrée pas- 
sivement de souris hypersensibilisées A souris 
normales au moyen de préparation homogéne de 
thymus et de ganglions lymphatiques, mais pas 
avee du sérum. 
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INTRODUCTION 


The medical and surgical treatment of tuber- 
culosis has improved considerably in the past 
ten to fifteen years; so much so, in fact, that the 
average case of active disease, diagnosed 
promptly, in a patient who accepts hospital 
eare and follows the recommendations of his 
physician stands a very good chance of becoming 
inactive in a relatively short period of time and 
remaining that way indefinitely. 

Yet, in this institution, state-supported 
tuberculosis hospital located in a large industrial 
city, a fair number of patients today are becoming 
chronic, infectious, cavitary cases because of 
their indifferent attitude, which manifests itself 
by irregular treatment, refusal of treatment, 
and premature discharge. This seems to be a 
crucial factor in tuberculosis control, especially 
in the large industrial urban community. 

Since this hospital admits transfers from other 
city hospitals, i.e., patients too ill to travel to 
tuberculosis hospitals in rural areas, treatment 
failures, and, in general, patients from the lower 
socio-economic levels, at first it was assumed 


that the problem was merely a matter of educa- 


tion, and an educational course in the disease 
was set up for the patients. This course was 
given in sessions of one hour a week. Every 
attempt was made to make it as interesting as 
possible by setting up microscopic slides of 
sputum positive for tubercle bacilli, showing 
sputum cultures and_ susceptibility studies, 
exhibiting regular and body section roentgeno- 
grams, as well as by demonstrating pathologic 
sections of cavities which had been obtained by 
surgical resection. The attendance at the first 
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session was well over 90 per cent of the patients 
in the hospital. This dwindled within a few weeks 
to perhaps a dozen patients who lasted through 
most of the course; but a few weeks before 
the end of the course it was abandoned be- 
cause all patients stopped attending. 

Finally, the conclusion was reached that the 
problem was not the medical or surgical treat- 
ment of tuberculosis or the intellectual capacity 
or store of knowledge regarding the disease in 
the patient’s mind, but rather the particular 
personality of the patients involved. Accordingly, 
group psychotherapy was started at first with 
the patients; later this was extended to include 
meetings at regular intervals with the staff. 
While this undoubtedly improved the general 
situation and helped the patients who attended, 
the problem that evolved was that only a few 
patients of the total population would accept 
this form of treatment. The group approach 
seemed to be somewhat better with presurgical 
patients than with the patients receiving medical 
treatment. 

However, since the vast majority of patients 
refused group psychotherapy, it was thought 
that more should be learned about the personality 
of the total patient population as a group. At 
first an attempt was made to use the Madison 
Sentence Completion Form. Again resistance was 
encountered, and most of the patients refused 
to complete the form. At this point the individual 
approach to each patient was decided on. 


METHOD OF INVESTIGATION 

Accordingly, to gain some insight into this prob- 
lem, one of the writers, a psychiatrist (H. R. D.), 
interviewed 100 patients consecutively admitted 
to the hospital between November 16, 1956, and 
November 18, 1957, to try to obtain a cross-section 
profile of the personalities in the hospital. This 
interview was arranged as soon after admission as 
possible. It was also possible for the psychiatrist 
to see 57 of these patients on one or more 
additional occasions. These patients were all 
males, as this hospital does not admit female pa- 
tients. 
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Characteristics of the Various Groups 


Since the primary interest of the writers was to 
_ see how the patients reacted to active tuberculosis, 
they broke them down into various groups. These 
included the so-called ‘‘normal’’ group of 24, a 
personality-disorder group of 26 (these consisting 
of all personality disorders with the exception of 
the sociopathic personalities), an alcoholic group, 
and a final group of 15 sociopathic personalities. 
The sociopathic patients were split off from the 
remainder of the personality-disorder group, as 
their behavior seemed basically different from that 
of the rest of the group. 

In an attempt to simplify the problem, only 
three groups will be discussed and compared: the 
so-called normal, the personality-disorder group 
(exclusive of the sociopathic group), and the socio- 
pathic group. The alcoholic group will not be dis- 
cussed individually, as the behavior of these 
patients falls between that of the personality- 
disorder group and the sociopathic group. This can 
be best seen in figures 2 and 3. 

In an attempt to verify the findings, as many as 
possible of these patients were interviewed one or 
more times. This was possible with 57 of the pa- 
tients. The psychiatrist made no change in his 
original impression of 47 of the patients. Two other 
patients, who had had no significant problems on 
admission, later developed psychoneurotic dis- 

ease (conversion reaction and depressive re- 
action), both apparently on the basis of additional 
stressful situations which appeared later in the 
course of their illness. Three had their diagnoses 
slightly changed or refined, such as a change from 
the alcoholic to the sociopathic group. Three were 
changed from the so-called normal group to the 
passive dependent-personality group. 

The only large error occurred in patients who 
were originally called ‘‘no significant psychiatric 
problem,’’ but who during their stay in this hospi- 
tal evidenced repeated episodes of alcoholic abuse, 
ending in conflict with other patients, with the 
hospital authorities, or with the police. These 
were reclassified into the alcoholic group. The 
status of the patients was evaluated approxi- 
mately one year after the completion of the inter- 
viewing, and the results of treatment were as- 
sessed. 2 


RESULTS OF INTERVIEWS 


The final breakdown of these 100 patients 
from a diagnostic standpoint is given in table 1. 
The miscellaneous group in table 1 was an as- 
sorted group made up of small numbers of 
various diagnostic classifications, and these are 
given in table 2. The impression of no significant 
psychiatric problem which may be referred to as 
a so-called normal group implies that, while the 
patient may have had symptoms produced by 
emotional conflict at the time of the interview, 
they were appropriate to the situation in which 


TABLE 1 
PRIMARY Psycuratric DraGnosis or 100 
CONSECUTIVE ADMISSIONS 


Diagnosis Number of Patients 

No significant psychiatrie prob- 
Chronic alcoholism.............. 18 
Sociopathic personality.......... 15 
Passive dependent personality... 13 
Inadequate personality.......... 8 
22 
Total 100 

TABLE 2 


PRIMARY PsYcHIATRIC DIAGNOSIS OF 
MISCELLANEOUS GROUP 


Diagnosis Number of Patients 
Organic brain syndrome*........ 
Depressive reaction............. 3 
Mental deficiency............... 2 
Schizoid personality............. 2 
Situational anxiety.............. 2 
Immature personality........... l 
Paranoid personality............ l 
Conversion reaction............. 1 
Chronic anxiety reaction........ l 
Emotionally unstable person- 
Total 22 


* Various etiologies, i.e., syphilis, alcoholism, 
and arteriosclerosis 


the patient found himself. The group called 
passive-dependerit personalities were, diagnosti- 
cally speaking, passive-aggressive personalities 
of the passive-dependent type. | 

Particularly noticeable was the high proportion 
of abnormal subjects, especially in the total of 
personality disorders (constituting 59 per cent 
of the entire group), and the low proportion of 
those given a clean bill of health (only 24 per 
cent) from the emotional point of view. This is 
best seen in figure 1. Another observation in 
the miscellaneous group was the small proportion 
of psychoneuroses, representing only about 7 
per cent of the group. 

There were some in the group who manifested 
their personality disorders by drinking. This 
group included all of the alcoholics plus many 
others with basic diagnoses of various personality 
disorders plus a few of the organic brain- 
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Fig. 1. Diagram showing the relative proportions of the major personality groupings. 


syndrome group, the result of alcoholism. Thirty- 
five per cent of the patients exhibited severe 
manifestations of repeated alcoholic abuse. 
Normal group: The normal group was com- 
parable with the general hospital population on 
the basis of age, sex, and color. The number of 


far advanced and moderately advanced cases 


were equal, which means that the disease in 
this group was less far advanced on admission 
than that of the general hospital population. 
The main thing observed about this group 
was that at the time of follow-up study, 58 per 
cent had been discharged with medical consent; 
only 17 per cent were still in the hospital. The 
other observation was that in this group 71 per 
cent (or 2 of 3 patients) in whom pulmonary 
surgery was recommended accepted it. In other 
words, the majority of so-called normal patients 
accepted treatment, got well, and went home 
within a reasonable length of time. 
Personality-disorder group: The personality- 
disorder group was primarily different in 
character from the normal group in that the 
ratio of white to nonwhite was approximately 
3:2 (in the general hospital population it was 
1:1), and in the high percentage of single persons, 
38.5 per cent versus 25 per cent in the normal 


group, with only 4 per cent of this group married 
as opposed to 46 per cent in the normal group. 
Interestingly, this group also reacted differently 
to tuberculosis. Whereas the patients in the 
normal group tended to get well and go home, 
the personality-disorder group showed 54 per 
cent still in the hospital at the time of the follow- 
up study, only 19 per cent having been discharged 
with medical consent. Another point of interest 
is that the premature discharge rate in this 
group is not appreciably greater than in the 
normal group, i.e., 17 per cent versus 19 per cent. 

Another difference in the personality-disorder 
group was their reaction to surgery, as only 
18 per cent (or less than one in 5) accepted 
pulmonary surgery when it was recommended. 
In other words, the characteristic of this group 
as a whole was that it tended to be composed of 
lone individuals who were more likely to be 
white than nonwhite. They did not leave against 
medical advice, they accepted treatment indif- 
ferently, and tended not to get well, but to stay 
on for a prolonged hospital stay. 

Sociopathic group: The sociopathic group was 
characterized by a younger group (on the average, 
ten years younger than the general hospital 
population) and in the extent of their disease 
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Fic. 2. Diagram showing the relative proportion of results of treatment of major personality groups 
at the time of the follow-up study. Percentages not shown on the graph represent deaths and transfers 


which were not great enough to be significant. 


which was much less on admission (only 27 per 
cent of this group had far advanced disease) 
than that of the general hospital population 
(in which 67 per cent had far advanced disease). 
Their characteristics in regard to their disease 
were their high rate of premature discharges 
(47 per cent) and their high refusal rate for 
surgery (only 20 per cent or one in 5 accepted). 
In other words, while they were a younger group 
with less extensive disease and a good prognosis, 
their impulsiveness and refusal to follow the 
advice of authority probably precluded a good 
final result. The discrepancy of adequate treat- 
ment results between the groups can best be 
seen in figures 2 and 3. It can also be noted in 
these figures that the alcoholic group refused 
surgery to approximately the same degree as 
the personality-disorder group and the socio- 
pathic group, while their premature discharge 


rate and their failure to improve fell between 
the other two groups. 

One of the results of the study, which does 
not readily lend itself to measurement, was the 
feeling by most of the hospital personnel that 
the interviewing of each new patient by the 
psychiatrist seemed to have a beneficial and 
tranquilizing effect on the hospital population as 
a whole. Optimal acceptance of the psychiatrist 
by the patient is contingent upon making his 
interviews a routine part of the over-all admission 
study of the patient. 


Discussion 


There is no doubt that since 500 B.C. there 
have been repeated suggestions that emotional 
stresses play a part in the development and 
course of tuberculosis (1-5). There has been a 
wealth of material describing the tuberculous 
personality, and this frequently describes a 
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Fic. 3. Diagram showing relative proportion 
of surgical refusals in major personality groups in 
which surgery had been recommended. 


“high” degree of dependency associated with 
difficulty in handling hostility as central features 
in the premorbid personality of the tuberculous 
patient (6-9). 

The breakdown made by this hospital, reveal- 
ing that 21 per cent of the patients were classified 
primarily in the passive-dependent or inadequate- 
personality group, would seem to confirm the 
previously noted dependent nature of many 
tuberculous patients. In terms of this study, 
excessive dependency and passivity seemed to 
be an ill omen in the prognosis of the disease. 
The sociopathic group, constituting 15 per cent, 
revealed an ineffectiveness and awkwardness 
in handling hostile impulses which, resulting in 
high self-discharge and surgical refusal rates, 
militated against a successful result from treat- 
ment. 

The high percentage of personality disorders 
(59 per cent) was a very discouraging finding, 
for patients with personality disorders have 
relatively poor prognoses from the psychothera- 
peutic standpoint. However, there is a moderate 
amount of material suggesting that, more often 
than can be accounted for by chance, there is 
some relatively severe emotional upheaval 
preceding the onset of the tuberculosis and _ per- 
haps “triggering off” or precipitating this disease 


as well as other illnesses (6, 10, 11). This up-— 


heaval, which precedes the disease and seems to 
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prepare the soil for the seed, has been variously 
described as grief, loss of self-esteem, anxiety, 
repressed needs for expression, and the real, 
threatened, or symbolic loss of a loved one or 
supporting figure (6, 12). Perhaps the common 
denominator is a situation with which the 
patient feels completely helpless to cope in any 
realistically effectual way. 

While it may not be possible to change the 
premorbid personality in any large number of 
patients, efforts could conceivably be limited to 
the immediately preceding conflicts which appar- 
ently prepare the soil for the acute disease. This 
might be a vulnerable spot in their “iron curtain” 
that could be worked on, letting them ‘‘ventilate”’ 
their feelings. Moreover, it might be possible 
perhaps to indicate to them the way in which 
their present situation reverberates with similar 
childhood trauma, when, indeed, they were 
helpless. 

Such a program would probably require 
quite an addition to the Social Service Depart- 
ment in most hospitals. It would require psy- 
chiatric social workers capable of working in a 
therapeutic case-work relationship to these 
patients and their families, and also require 
enough of them to spend at least several hours a 
week with each patient. It can only be suggested 
that such a program would improve the patient’s 
ability to accept treatment and get well. The 
high cost of treatment failures in our society 
suggests that the program might, in the long 
run, prove economically sound and represent a 
real saving to society (13). 

It might also be possible, with some sugges- 
tions from our psychiatric colleagues, to change 
the milieu or climate of the hospital so that the 
patient with a character or personality disorder 
(especially the sociopathic personality) might 
feel more comfortable and at home in the hos- 
pital, thereby decreasing the present high pre- 
mature discharge rate. 


SUMMARY 


Even though adequate medical and surgical 
care is available for pulmonary tuberculosis, a 
fairly high percentage of patients do not achieve 
satisfactory arrest of their disease. ile 
adequate knowledge of the disease by the patient 
is essential, it does not seem to be the factor 
involved in the failure to get good results. 

The writers believe that the foregoing findings 


TUBERCULOSIS TREATMENT AND CONTROL 909 


suggest rather strongly that the patient’s per- 
sonality has much to do with the way he handles 
his disease, and that treatment failure seems to 
be associated with the high proportion of per- 
sonality disorders (59 per cent or approximately 
3 of every 5) seen in the present hospital popu- 
lation. To be realistic, the fact must be accepted 
that personality disorders, by definition, are not 
likely to show much improvement with anything 
less than intensive, prolonged, and individual 
psychotherapy. This does not mean that group 
psychotherapy is useless, for it has a definite 
place and should be used whenever possible. 
However, it is doubted that any exceptional 
results will be obtained by any measure less than 
intensive individual therapy. Additional supple- 
mentary help might be obtained by controlling 
the emotional climate of the hospital so that the 
patient with a character disorder feels more 


comfortable in, and less antagonistic toward, 


the institution. 

The routine interviewing of each new patient 
by the psychiatrist seemed to have a beneficial 
effect on the hospital population as a whole, 
but considerably more personnel trained for 
individual counseling will probably be necessary 
if the remaining ‘‘hard core’ of tuberculosis 
is to be stamped out in this country. 


SUMARIO 


El Exito o el Fracaso en el Tratamiento y Dominio 
de La Tuberculosis (Algunos 
Aspectos Psicolégicos) 


Aunque hay a mano adecuada asistencia médica 
y quirdrgica para la tuberculosis pulmonar, un 
porcentaje bastante elevado de los enfermos no 
obtiene estacionamiento satisfactorio de su do- 
lencia. Si bien es indispensable un conocimiento 
adecuado de la enfermedad de parte del paciente, 
no parece que éste sea el factor que interviene en 
la falta de buenos resultados. 

Opinan los AA. que los hallazgos precitados 
sugieren bastante elocuentemente que la _per- 
sonalidad del enfermo tiene mucho que ver con 
la forma en que atiende a su afeccién y que el 
fracaso terapéutico parece asociarse con la alta 
proporcién de trastornos de la personalidad (59 
por ciento o aproximadamente 3 de cada 5) ob- 
servada en la actual poblacién del hospital. Para 
ser realistas, hay que aceptar el hecho de que los 
trastornos de la personalidad, por su misma 
definicién, no son susceptibles de mostrar mayor 
mejoria con nada que no sea psicoterapia intensa, 
prolongada e individual. Esto no significa que la 


psicoterapia colectiva sea indtil, pues tiene su 
puesto bien definido y debe usarse siempre que sea 
posible. Sin embargo, es dudosa la obtencién de 
resultados excepcionales con ninguna providencia 
inferior a la intensa terapéutica individual. 
Cabria obtener mayor ayuda complementaria 
acondicionando el clima afectivo del hospital de 
modo que el enfermo que padezca de un trastorno 
del cardcter se sienta mds a sus anchas en el 
establecimiento y menos antagénico al mismo. 

La entrevista habitual de cada enfermo nuevo 
con el psiquiatra parecié ejercer efecto beneficioso 
sobre la poblacién del hospital en conjunto, pero 
se necesitaré probablemente mucho més personal 
adiestrado en el asesoramiento individual si va 
a erradicarse en este pais el restante ‘‘duro nicleo’’ 
de la tuberculosis. 


RESUME 


Succés ou échec dans le traitement de la tuberculose. 
Son controle. Quelques aspects psychologiques 


Bien que le traitement chirurgical et médical 
convenables soient possibles pour la tuberculose 
pulmonaire, un pourcentage passablement élévé 
de malades n’arrivent pas 4 un arrét satisfaisant 
de leur maladie. Bien qu’une connaissance con- 
venable de la maladie soit essentielle pour le 
malade, il ne semble pas que ce soit le facteur 
que |’on puisse considérer dans |’échec a obtenir 
de bons résultats. 

Les auteurs croient que les données ci-dessous 
font fortement penser que la personnalité du 
malade a beaucoup a faire dans la fagon dont il 
dirige sa maladie et que I|'échee du traitement 
semble associé 4 une forte proportion de troubles 
de la personnalité (59% ou a peu prés 3 sur 5 
malades) rencontrés dans la population présente 
de l’hépital. Pour étre dans le vrai, on doit ac- 
cepter le fait que les troubles de la personnalité, 
par définition, ne montrent pas d’amélioration 
avec aucun traitement 4 part une psychothérapie 
individuelle, intensive et prolongée. Ceci ne 
veut pas dire que la psychothérapie de groupe est 
inutile, car elle a sa place définie et devrait étre 
utilisée autant que possible. Cependant il est 
douteux que des résultats exceptionnels soient 
obtenus par un traitement autre qu’une psycho- 
thérapie individuelle intensive. Une aide supplé- 
mentaire peut étre ajoutée en contrélant |l’ambi- 
ance émotionnelle de l’hépital en sorte que le 
malade ayant des troubles de la personnalité 
s’y sente plus a l’aise et soit moins opposant vis 
& vis de l’institution. 

L’entretien systématique de chaque nouveau 
malade avec le psychiatre semble avoir un bon 
effet sur toute la population hospitaliére, mais 
beaucoup plus de personnel habitwé a guider 
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individuellement le malade sera probablement 
nécessaire si ‘“‘le noyau dur’’ de tuberculeux 
restant dans ce pays doit en étre banni. 
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INTRODUCTION 


Until recently, most studies on the response 
to hospitalization for tuberculosis could be 
classified into two groups: those which have 
emphasized personality variables (1-3) and those 
which have utilized personal data or demographic 
variables (3-5). A smaller number of studies have 
concentrated on other factors such as intelligence 
(6-7) and vocational preference (8). However, 
in nearly every instance, none of these approaches 
has contributed significant findings. The be- 


havioral measure of response to hospitalization 


is usually the type of discharge a patient re- 
ceives. However, in comparing groups of patients 
receiving regular and premature discharges, few 
factors have been found which distinguish the 
two, and the meager findings that have turned 
up have seldom been replicated. _ 

Although most workers recognize that pre- 
mature discharge is much too complex a problem 
to be pinned down to one factor, the present 
writer believes that some of the most important 
variables have been almost completely neglected. 
To quote from Barker and associates (9): 


The practice of dealing with patients in face to 
face groups within the sanatorium provides a 
social situation with great potentialities for 
both favorable and unfavorable adjustment 
of patients. It is apparent that sanatoriums 
vary greatly in the way they handle this situa- 
tion. (page 174) 


Thus, the patient who resorts to premature dis- 
charge may be one who is unable to form adequate 
social relationships while in the hospital. His 
inability to interact with others and their re- 
jection of him combine to accentuate the stressful 
nature of the situation. It may be presumed that 


-!' From the Veterans Administration Hospital, 
Oteen, North Carolina. 

2 This paper is abstracted, in part, from a 
Master’s thesis completed at the University of 
North Carolina in January, 1959. 

3 Present address: Franklin D. Roosevelt Veter- 
ans Administration Hospital, Montrose, New 
York. 
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the well adjusted patient is one whose inter- 
personal relationships are characterized by ade- 
quacy and stability both inside and outside the 
hospital. 

The method chosen here to evaluate inter- 
personal behavior within the hospital is so- 
ciometry, a social psychologic investigating tech- 
nique developed by Moreno (10). The particular 
application of this method will be explained 
later but, briefly, it has as its aim the discovery 
of the feelings of group members toward each 
other by asking each to choose those with whom 
he would most and/or least like to engage in 
some activity. This activity is referred to as the 
“sociometric criterion” and can be anything 
associated in some way with social behavior and 
companionship, such as playing a game, working 
at a particular task, or sharing a dormitory. 
The term “sociometric status’’ then refers to the 
response of the group to one particular member. 
If he is chosen often and is seldom or never 
rejected, he is said to have a high sociometric 
status. Schauer (11) has outlined the advantages 
of using sociometric techniques in a_ hospital 
setting. 

In most cases the patient, barring activity 
class restrictions, is allowed to associate with 
whom he pleases, and those most readily available 
for this type of interaction are his roommates. 
It seems appropriate, then, that a sociometric 
task used in this setting would have as its 
criterion the choice of roommate. If each pa- 
tient were asked to choose those men he would 
most like to live with and those with whom he 
would least like to live, the sociometric status 
of each patient on the ward could be easily 
determined. This method has all the advantages 
outlined by Schauer and, in addition, is relatively 
simple and affected very little by intellectual 
level. The predictions of the present writer 
would then be as follows: In comparison with 
well-adjusted patients, poorly adjusted patients 
will show: a lower sociometric status, fewer 
mutual (reciprocated) choices, and Jess tendency 
to join voluntary ward groups. 
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MereTHODS 


The data for this investigation were collected 
at the Oteen, North Carolina, Veterans Adminis- 
tration Tuberculosis Hospital.‘ The subjects used 
were the entire patient populations of three treat - 
ment wards. The total number was 160, but not all 
of these were interviewed. Some were too ill to par- 
ticipate, some were away on leave at the time of 
the investigation, while several refused to take 
part in the study. The total number interviewed 
was 128. 

The majority of subjects were photographed on 
the ward and their pictures were taped to one side 
of a 3- by 5-inch index card. On the other side was 
the patient’s name, while on both sides a code 
number appeared, which helped facilitate refer- 
ence in the analysis of data and assured anonymity 
of the patient when desired. For those patients 
who were not present when the photographs were 
taken or who refused to be photographed, the 
same card was included without the picture. Two 
prints were made from each negative, the second 
being given to the patient. These pictures were a 
source of much excitement on the wards and con- 
tributed a great deal to the building of patient - 
interviewer rapport before any interviews were 
actually attempted. 

At the beginning of each interview, the patient 
was told something about the nature of the study. 
He was assured that his answers would be held in 
the strictest confidence and was shown a number 
appearing at the top of the interview sheet in place 
of his name. Each patient was then presented with 
a stack of cards representing every patient on the 
ward, himself excluded. To save time and reduce 
the number of cards to be considered, each subject 
was first asked to pick out the pictures of those pa- 
tients whom he knew. It was emphasized that the 
criteria for ‘‘knowing’’ must be more than merely 
recognizing a face. In most cases, the ability to 
name the patient in the photograph was sufficient. 
However, there were numerous instances of a sub- 
ject’s not knowing another by name but still being 
well enough acquainted to make judgments about 
him. In these cases the subject was asked: ‘‘Do you 
ever talk with him?” or ‘‘Do you know anything 
about him?’’? Most of the patients had little 
trouble differentiating people with whom they 
had at some time interacted from those merely 
recognized as being on the ward. 

Second, the patient was asked: ‘‘Suppose you 
could pick anyone on the ward to have as a room- 
mate. Which men out of these you know would you 
most like to live with?’’ The patient was allowed 
to make as many choices as he wanted, but was 
encouraged to choose at least five others. He was 
then asked to pick in the same manner those men 
he would least like to live with. Most patients ex- 


* This study is only part of a larger investiga- 
tion concerned with adjustment to hospitaliza- 
tion for tuberculosis. Henceforth, only those 
methods pertaining to this particular paper will be 
cited. 
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pressed a much greater hesitancy to make this 
latter choice, but an attempt was made to get at 
least five rejections from each. 

It was decided that staff ratings would be used 
as the criterion of patient adjustment. The major 
drawback to this procedure was that a particular 
staff member might have a unique or atypical view 
of what he thought constitutes a well-adjusted 
patient. To compensate for this, it was decided to 
use the ratings of only the professional staff mem- 
bers and to include several from each ward. The 
total number of staff members interviewed in this 
investigation was eleven. This sample consisted 
of the head physician and head nurse from each of 
the three wards, plus two additional nurses from 
two of the wards and one from the other. 

When interviewing the staff members, the same 
picture cards were used, and since the subjects 
were well acquainted with all of the patients on 
their wards, it was not necessary to determine the 
number known. Each subject was asked to pick 
out the pictures of the 10 patients he thought 
had made the best adjustment to hospitalization 
and of the 10 who had made the least adequate 
adjustment. No attempt was made to define ad- 
justment, and care was taken to make sure that 
the two groups were put in rank-order. For the 
five best and five most poorly adjusted patients, 
the staff members were questioned as to the cri- 
teria they used in ranking each of these. 

After completing the staff interviews, it was 
necessary to select the final groups of well and 
poorly adjusted patients to be used in making 
comparisons on the sociometric variables. In 
order to do this, two factors had to be taken into 
account. First, how many staff members on a ward 
chose a particular patient as being well or poorly 
adjusted; and, second, where did he rank this pa- 
tient in relation to others chosen in the same 
group? It was decided that the number of times 
chosen should be supplemented by a point system 
depending upon rank position. The following 
method was selected: Ranks 1, 2, and 3 were given 
three points; ranks 4, 5, 6, and 7 were given two 
points; ranks 8, 9, and 10 were given one point; not 
mentioned were given no points. In this manner, 
both rank-order and number of mentions could be 
taken into account by putting emphasis only on 
the general location of the ranks (top, bottom, 
middle). This ranking was performed on both 
patient categories, the 10 patients on each ward 
with the highest point totals being included in the 
two groups. Thus, the total number for each of 
these groups was 30. If there was any inter-staff 
disagreement concerning whether a patient was 
well or poorly adjusted, that patient was not in- 
cluded in either group. 

As a final procedure, it was necessary to deter- 
mine the criteria used by staff members in making 
adjustment ratings. It is possible that the main 
variable (social behavior) was frequently used as 
a criterion so as to automatically result in a sub- 
stantial relationship in the predicted direction. As 
it turned out, however, the primary criteria for 
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good adjustment concerned cooperation and 
ability to accept and understand the disease, while 
the main criteria for poor adjustment were inabil- 
ity to accept hospitalization, constant complain- 
ing and—most important—that the patient had a 
history of premature discharge. Thus, the poorly 
adjusted group comprised a large number of pa- 
tients who had already shown their inability to 
adjust to hospitalization. 


RESULTS 

A nonparametric sum of ranks test, as derived 
by Wilcoxon (12) and described by Walker and 
Lev (13), was used to evaluate the data from the 
individual wards. The Z score as seen in tables 
1 and 2 indicates the probability that the two 
samples have been drawn from the same popula- 
tion. The crude totals as seen in these two 
tables do not directly enter into the computation 
of standard scores. These group scores help give a 
better idea of the magnitude of differences be- 
tween the well and poorly adjusted patients. 

It may be seen in table 1 that, in general, the 
poorly adjusted patients received fewer choices 
for roommate preference. These differences were 
striking on two of the wards and in the expected 
direction on the third. A chi-square median 
test (14) was used to evaluate the totals over all 
the wards, the result being highly significant. 

The number of mutual choices entered into 
by the two groups of patients is illustrated in 
table 2. A mutual choice occurs when someone 
is preferred by a patient he himself has chosen. 
Again, these differences are marked in the cases 
of wards B and C, but are not significant for 
ward A. On all the wards the tendency is in the 
expected direction. Again, using the chi-square 
median test, the totals for all three wards are 
highly significant. 


TABLE 1 
NuMBER OF PosITIVE CHoIcEes RECEIVED BY 
Groups oF EQUAL S1zE oF WELL AND 
PoorRLy ADJUSTED PATIENTS 


Well Poorly 
Ward Adjusted Adjusted Z x? 
Patients Patients 
-A 62 53 0.76 — 
B 115 38 2.87* — 
C 85 43 2.53° | — 
Total 262 174 — 13.07* 


* Indicates significance at the 0.05 level. Sum 
of ranks test used for ward comparisons, chi- 
square median test used for totals. Degrees of 
freedom = 1. 


TABLE 2 
NUMBER OF MuTUAL CHoIces ENTERED INTO BY 
Groups or Equa. S1zE or WELL AND 
PoorLy ADJUSTED PATIENTS 


Well Poorly 
Ward Adjusted Adjusted z x? 
Patients Patients 
A 34 21 | 
B 50 13 3.147 | — 
C 34 13 2.23° | — 
Total 118 47 — | 13.07* 


* Indicates significance at the 0.05 level. Sum 
of ranks test used for ward comparisons, chi- 
square median test used for totals. Degrees of 
freedom = 1. 


TABLE 3 


TotaL NUMBER OF THREE- AND Four-MAN 
VoLuNTARY Groups (MutTUAL CHOoIcEs), 
NuMBER OF GROUP MEMBERS, AND 
NuMBER OF PooRLY ADJUSTED 
Group MEMBERS 


Number of 
Number of Number of | ; 
Ward we ted 
Four-Man Groups 
B 1 4 | 0 
C | 2 8 1 
Total | 3 12 I 
Three-Man Groups 
B | 12 20 | 3 
C | 5 10 | 1 
Total | 25 45 s 


In table 3 the total number of voluntary groups 
(groups of three or four mutual choices) is 
plotted. These are called “‘voluntary”’ due to the 
fact that they may include patients other than 
members of the room group to which a patient 
is arbitrarily assigned. No significance tests 
were attempted due to the fact that the poorly 
adjusted group was not identical with the group 
of 30 being used in other comparisons. All pa- 
tients given a rating of poor adjustment were 
included here, this being approximately 30 
per cent of the total number of patients on each 
ward. It is interesting to see that only one of 12 
patients comprising three four-man groups re- 
ceived a poor adjustment rating. And of the 45 


+ 
— 
| 


914 


patients comprising 25 three-man groups, only 
& were rated as poorly adjusted. A fact of further 
interest results when the mean length of stay 
in the hospital for those 9 poorly adjusted 
patients who entered into voluntary groups is 
compared with that of the original group of 30 
poorly adjusted patients: 
Mean length of hospital stay: 
9 patients—232.0 days 
Mean length of hospital stay: 
30 patients—183.2 days 

This difference is of a magnitude which suggests 
that poorly adjusted patients will enter into 
voluntary groups on the wards, but that they 
do this at a much slower rate than do the well 
adjusted patients. Since it has been shown that 
the poorly adjusted patient has spent relatively 
fewer days in the hospital (4, 5, 15), it is possible 
that he will resort to premature discharge before 
he has had a chance to become integrated into 
the social structure of the ward. 


DIscussION 


In general, the results of this study have shown 
relationships in the predicted direction. However, 
there were several instances of differences between 

‘the three wards. This finding is in substantial 
agreement with the results obtained by Shelton 
and Phillips (16), and again points to the im- 
portance of considering the hospital and even 
the ward as significant variables when evaluating 
research results. 

Ward A had probably achieved the best social 
integration of the three at the time of the in- 
vestigation. The patients on this ward had already 
established their social ties, the main social 
units being located in the room groups and the 
voluntary groups that became established be- 
tween the various rooms. Among the poorly 
adjusted patients on this ward was a group of 4 
who had been in the hospital somewhat longer 
than the rest. Their relatively longer period of 
residence and their ability to become accepted 
within the room group (if not the ward) un- 
doubtedly decreased the choice differences be- 
tween the well and poorly adjusted groups on 
ward A. Three of these 4 patients received 
premature discharges before the study was 
completed. 

Ward B was nearly the opposite of ward A. 
Ward B was a relatively new one, many of the 
patients having been in residence less than two 
months. There were no clear-cut centers of sccial 
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action. Whereas the small groups appeared to 
be the social units on ward A, all of ward B 
must be regarded as being in this situation. 
There were many mutual choices scattered over 
the entire ward, and the total number of choices 
was much greater in proportion to the number of 
rejections. This was, perhaps, partially a function 
of the newness of the ward and the uncertainty © 
of how one was to respond to others. In other 
words, when in doubt, the subjects chose to say 
something positive. 

A racial variable seemed to operate on ward 
C. Although it had the greatest population, there 
were fewer mutual choices than on either of the 
other two wards. This effect seemed to be due to 
ward administrative policies, for racial integra- 
tion had not been completely carried out on 
ward C at the time of this study. Nearly all of 
the choices and rejections made by white patients 
were on the basis of race. The few mutual choices 
suggest that these were not always realistic, that 
is, choosing someone because of his race rather 
than for any favorable qualities he might possess. 

Realizing the importance of these social psy- 
chologic variables, certain steps can be suggested 
which might help maximize patient adjustment 
and reduce premature discharge rates. Grouping 
patients by sociometric choice would seem 
advisable, especially in the case of the premature 
discharge recidivist, when one might make better 
use of the few adequate social contacts he has. 
Also, since a great many premature discharges 
are reactions to specific hospital situations, 
interpersonal or otherwise, it might be advisable 
to remove the patient from the stressful situation 
before he is actually forced to run away. This 
method of using an “irregular discharge ward” 
has been suggested by Lorenz and associates (17). 

The need for more research in this area must 
also be stressed. It no longer seems feasible, at 
least with instruments presently in use, to try 
to isolate a unique tuberculous personality or 
attempt to differentiate adjustment groups by 
means of standard personality tests. Rather, 
there should be further efforts to create new 
tests and new scales for this purpose (1, 18). 
The poorly adjusted patient should no longer 
be thought of as psychopathic or neurotic but, 
rather, should be considered in terms of relation- 
ships between his particular need-system and 
environment. 

And finally, much research needs to be directed 
toward the relationships between patients and 
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staff, as well as among the patients themselves. 
~The methods used by Golann (19) show promise 
of throwing new light on the problem of patient- 
staff interaction. What types of social disturbance 
are most likely to result in premature discharge? 


How can one predict, at an early period, those. 


patients who will fail to adjust socially? What 
type of ward social structure is most conducive 
to good adjustment? There has been little work 
done in this area of tuberculosis management, 
although it has often been pointed out as a 
fruitful field for the application of research 
findings. : 

Even in clarifying some of these relationships 
however, it is evident that poor adjustment and 
premature discharge are the result of a combina- 
tion of variables rather than due to any single 
factor, be it personality, social adjustment, or 
the disease itself. One can see examples of pa- 
tients who are so crippled in their interpersonal 
behavior that they seem to hold little hope of 
being able to adjust to any situation, but some- 
how manage to adjust to the hospital environ- 
ment. Other patients, who may be more socially 
adept, are never able to come to terms with their 
disease or the hospital situation, and resort to 
premature discharge in an attempt to remove 
themselves from an unbearable environment of 
sickness, dependency, and restriction. Although 
an attempt has not been made to show that lack 
of social adjustment is the only cause of pre- 
mature discharge, this study has brought to light 
some of the more important and seldom investi- 
gated variables that operate throughout the 
course of long-term hospitalization. 


SUMMARY 


An investigation was made of the relationship 
between adjustment to long-term hospitalization 
for tuberculosis and adequacy of interpersonal 
relationships within the hospital. The subjects 
were the patient populations of three treatment 
- wards. A correlation was predicted between 
hospital adjustment and adequacy in social 
relationships as measured by sociometric tests. 
The predictions were: In comparison with well 
adjusted patients, poorly adjusted patients will 
show: a lower sociometric status, fewer mutual 
choices, and less tendency to join voluntary 
ward groups. 

Each subject interviewed was asked to choose 
those patients he would like most and those he 


would like least as roommates. At least three 
professional staff members were interviewed on 
each ward and were asked to pick the 10 patients 
who had made the best adjustment to hospitaliza- 
tion and the 10 who had made the least adequate 
adjustment of those on their wards. From these 
staff ratings, two groups of patients representing 
the extremes of adjustment were selected—10 
well and 10 poorly adjusted patients from each 
ward. Thus, there was a total of 30 patients in 
each category. These two groups were then 
compared in terms of the three predictions, the 
first two of which were evaluated statistically. 
Comparisons were made on both a ward and a 
total-sample basis. 

All of the results were in the expected direction 
and, in most cases, reached the 0.05 level of 
significance. The totals were highly significant, 
but substantial differences were observed be- 
tween the wards themselves. These differences 
were discussed in the light of ward social struec- 
ture and situational, rather than personal, 
variables. Suggestions were made concerning 
the use of these data toward promoting adequate 
patient adjustment and a_ reformulation of 
research objectives in the area. 


SUMARIO 


La Socializacion de las Salas y el Ajuste 
al Hospital de Tuberculosis 


Esta investigacién versé sobre la relacién entre 
el ajuste a la hospitalizacién a largo plazo por 
tuberculosis y la suficiencia de las relaciones 
personales dentro del hospital. Los sujetos fueron 
los enfermOs alojados en tres salas de tratamiento. 
Se anticipaba una correlacién entre el ajuste al 
hospital y la suficiencia de las relaciones sociales, 
medidas éstas con pruebas sociométricas. Lo 
predicho fué: comparados con los enfermos bien 
ajustados, los mal ajustados revelardn: inferior 
estado sociométrico, menos selecciones mutuas, 
y menor tendencia a ingresar en los grupos volun- 
tarios de las salas. 

A cada sujeto entrevistado se le pidiéd que esco- 
giera a los enfermos que més le gustarian y a los 
que menos le gustarian como compafieros de cuar- 
to. Se entrevisté a lo menos a tres miembros del 
claustro profesional en cada sala, pidienddseles 
que escogieran en la misma a los 10 enfermos que 
habian mostrado el mejor ajuste a la hospitaliza- 
cién y a los 10 que habian hecho el peor ajuste. A 
base de esta clasificacién por el claustro, se for- 
maron dos grupos de enfermos que representaban 
los extremos del ajuste: 10 enfermos bien ajustados 
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y 10 mal ajustados de cada sala. Habia, pues, asi 
un total de 30 enfermos en cada categoria. Se 
compararon entonces estos dos grupos con respecto 
a las tres predicciones, valordndose estadistica- 
mente las dos primeras de éstas. Las compara- 
ciones se hicieron a base de salas y de la muestra 
total. 

Todos los resultados tomaron la forma esperda 
y, en la mayoria de los casos, no se desviaron mas 
de 0.05 en su exactitud. Los totales fueron suma- 
mente significativos, aunque se notaron dis- 
ferencias substanciales en las salas mismas. Se 
discuten estas diferencias a la luz de la estructura 
social de las salas y los factores variables en la 
situacién mds bien que en las personas mismas. Se 
ofrecen sugestiones relativas al empleo de estos 
datos con mira a fomentar el ajuste adecuado de 
los enfermos y a la reformulacién de objetivos 
de investigacion en la zona abarcada. 


RESUME 


Vie sociale de salle et adaptation a V’hopital 
pour tuberculeux 


L’auteur a fait des recherches sur la relation 


entre l’adaptation A une longue hospitalisation 
pour tuberculose et les rapports entre individus a 


lintérieur de l’hopital. Les sujets étudiés furent 


pris parmi les malades de trois salles de traite- 
ment. On avait prévu une corrélation entre |’adap- 
tation A l’hopital et les rapports sociaux jugés 
adéquats selon les réactions sociométriques. Les 
faits prévus furent: en les comparant avec des 
malades bien adaptés, les malades mal adaptés 
montreront: un niveau sociométrique plus bas, 
des choix mutuels plus rares, et moins de ten- 
dances A joindre librement des groupes dans la 
salle. 
A chaque sujet interrogé, on demanda de choisir 
les malades qu’il préférerait et quels malades il 
aimerait le moins comme compagnons de chambre. 
Dans chaque salle, on interrogea au moins trois 
membres de ]’état-major médical et on leur de- 
manda de choisir les 10 malades s’étant le mieux 
adapté A l’hospitalisation et les 10 malades s’étant 
le moins bien adapté dans la salle. On eut ainsi a 
partir de ces groupes donnés, deux groupes de 
malades représentant les extrémes d’adaptation 
furent choisis: 10 bien et 10 mal adaptés pour 
chaque salle. On eut ainsi un total de 30 malades 
dans chaque catégorie. On compara ces deux 
groupes en suivant ce qui avait été prévu les 
deux premiers furent évalués au point de vue 
statistique. Les comparaisons furent faites a la 
fois par salle et par échantillon. 

Tous les résultats furent confirmés comme il 
avait été prévu et, dans la plupart des cas, ils 
atteignirent un niveau de signification égal a 
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0.05. Les totaux furent trés éloquents, mais des 
différences notables furent observées dans les 
salles elles-mémes. Ces différences furent dis- 
cutées en considérant plus la structure sociale et 
la situation que les variantes personnelles. On a 
proposé d’utiliser ces renseignements pour amé- 
liorer l’adaptation du malade d’une facgon con- 
venable et pour trouver d’autres buts de re- 
cherches dans ce domaine. 
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Notes 


SERIAL DETERMINATION OF SERUM GLYCOPROTEINS IN PATIENTS WITH 
PULMONARY TUBERCULOSIS 


Klevated values for serum glycoprotein (serum 
polysaecharide or protein-bound carbohydrate) 
were reported in patients with tuberculosis bv 
Lustig and Langer,' and were studied in more 
detail by Seibert and associates.? These results 
subsequently have been confirmed by a number of 
investigators.*-® Elevated values for serum glyco- 
protein and seromucoid have also been reported 
in guinea pigs following tuberculosis produced 
experimentally.® As the serum glycoprotein de- 
termination has been useful as an aid in evaluat- 
ing the status of patients with rheumatoid arthri- 
tis,’: rheumatic fever,’ and cancer,'® studies of 
the changes of the serum glycoproteins in tuber- 
culous patients under therapy should be of inter- 
est. Lawrence and co-workers!! found elevation 
of serum glycoproteins and seromucoid in patients 
with tuberculosis. The values frequently were 
normal if the patient had had antituberculous 
chemotherapy prior to admission to the hospital. 
The chemical values correlated with the hospital 
course. The patients with retrogressive disease 
showed elevations on admission and declines 
toward normal of the seromucoid, total glycopro- 
tein, gamma _ globulif® and gamma-globulin 
polysaecharide. The patients with more chronic 
infections exhibited little change in their glyco- 
proteins during their hospitalization. Edward,'? 


'Lustic, B., anp LanGer, A.: Biochem. 
Ztschr., 1931, 242, 320. 

? SEIBERT, F. B., ef al.: Proc. Soc. Exper. Biol. 
& Med., 1943, 52, 219. 

3 SCHAFFNER, F., aND TuRNER, G. C.: J. Lab. 
& Clin. Med., 1952, 40, 937. 

* Turner, G. C., et al.: Dis. Chest, 1953, 23, 154. 

Stary, Z., et al.: Klin. Wehnschr., 1953, 

Weimer, H. E., Mosuin, J. R.: Am. Rev. 
Tubere., 1953, 68, 594. 

7 SHETLAR, M. R., e¢ al.: J. Clin. Invest., 1953, 
82, 1208. 

SSHETLAR, M. R., ef al.: Cancer Res., 1950, 
10, 681. 
- *Suetvar, M. R.. ef al.: J. Lab. & Clin. Med., 
1952, 39, 372. 

10 SHETLAR, M. R., al.: Cancer Res., 1949. 
9, 515. 

1! LAWRENCE, 8. H., ef al.: J. Lab. & Clin. Med., 
1958, 51, 935. 
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78, 131. 


W.: Am. Rev. Tuberc., 1958, 


reporting seromucoid values only, found that 
this material was elevated in patients with active 
tuberculosis and declined toward normal with 
antituberculous chemotherapy. A rough correla- 
tion was found between the extent of disease and 
the seromucoid value, and a good correlation 
between this value and disappearance of tubercle 
bacilli from the sputum. Since these have been 
the only studies of the serial changes in glyco- 
proteins in tuberculosis, further serial studies 


seemed warranted. 


Total serum glycoprotein as protein-bound 
hexose was determined by the tryptophan method 
of Shetlar and associates.'!’ The glycoprotein was 
also expressed as a percentage of total serum 
protein since this expression compensates for 
changes in serum protein. Seromucoid was isolated 
from serum by the method of Winzler and co- 
workers!‘ and was quantitated by hexose determi- 
nation by the tryptophan method. Total protein 
was determined by the biuret method as described 
by Weichselbaum.'® Gamma globulin was _ pre- 
cipitated by one-third-saturated ammonium 
sulfate according to the method of Jager and 
Nickerson.'* Hexose was determined this 
precipitate by the tryptophan method,'*® and 
gamma-globulin protein was determined by the 
biuret reaction.'® The ratio of gamma-globulin 
glycoprotein to gamma globulin was also calcu- 
lated. Fractionation of albumin and pseudoglob- 
ulin was made by the Milne method,’ and the 
hexose content of these fractions was determined 
by the tryptophan reaction. Erythrocyte sedi- 
mentation rates were determined by the Wintrobe 
method. 

Forty-three male patients with active pul- 
monary tuberculosis were studied at the Okla- 
homa City Veterans Hospital. Blood specimens 
were obtained every two weeks, the first specimen 
being taken at the time chemotherapy was initi- 
ated. Twenty-seven of these 43 patients were new 
cases with no previous drug therapy and 16 of 
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Biol. & Med., 1948, 67, 125. 
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TABLE 1 


ComPaRI30N OF ToTaAL SERUM GLYCOPROTEIN/PROTEIN Ratio TUBERCULOUS PATIENTS 


WITH ConTROL GRoUP FOR First MontTH oF Stupy 


Num- a-Globul 
Period, Month erin | | Rati | Seromucod 
{ at 
| me./100 ml. per cent mg./100 ml. per cent mg./100 ml. 
Eto 43 168 + 5.3 | 2.3 + 0.06 | 30.8 + 1.7 | 2.3 + 0.06} 19.3 + 1.0 
2 | 2and3 31 151 + 3.6; 2.1 + 0.05 | 27.0 + 1.6 | 2.3 + 0.08 | 14.7 + 0.9 
3 | 4and5 16 | 147 + 7.7; 2.1 20.17 | 29.2 + 1.0; 2.5 + 0.08 | 14.7 +0.8 
4  6and7 9 | 149 + 5.4 | 2.0 0.08 | 26.2 + 1.4 | 2.1 + 0.08 | 12.424 1.0 
5 | Sandy 5 141 + 12.6 | 1.9 + 0.05 | 23.0 + 2.0} 2.6 + 0.18} 12.0 + 1.3 
6 10 and 11 6 159 + 10.1 | 2.2 + 0.07 | 25.0 + 0.6 2.5 0.15] 16.3 + 1.1 
| Normal subjects | 28 | 121 + 1.7/1.7 0.02 | 21.0 + 0.7 | 2.3 0.05 12.0 + 0.8* 


All values are expressed as mean + the standard error. 
* The normal for seromucoid is based on 11 subjects. 


the patients had had some drug therapy prior to 
their inclusion in the study. 

Tuberculous chemotherapy was directed by the 
ward physicians and was not altered by this 
study. The new patients were treated according 
to the protocols established by the Veterans Ad- 
ministration Armed Forces Cooperative Studies.'® 

Before evaluation of the chemical data, all 
charts and roentgenograms were reviewed, and 
the following information was recorded for each 
patient: activity, stage of disease (utilizing 
National Tuberculosis Association (NTA) stand- 
ards!*), presence and size of cavities, per cent of 
lung tissue involved estimated from the chest 
films, previous chemotherapy, presence of fever 
at admission, presence of tubercle bacilli in the 
sputum, and improvement for each period. The 
estimate of the per cent of lung tissue involved 
by the tuberculous process was made to provide 
a better means of comparing the effect of the 
amount of inflammatory tissue present. National 
Tuberculosis Association classification utilizes 
cavity size as well. To facilitate handling of the 
data, an average was obtained of all values during 
the first thirty days for each patient. Similar 
averages were calculated for all values obtained 
during each succeeding sixty-day period. The 
control group consisted of 28 apparently healthy 
subjects for all fractions except the seromucoid, 
which included 11 subjects. 


Results: The total serum glycoprotein/protein 
ratio during the first month of study for the 
patients with tuberculosis was 2.33 + 0.06 as 
compared with 1.71 + 0.02 for the control group 


18 Transactions of the Thirteenth and Four- 
teenth Conferences on the Chemotherapy of Tu- 
berculosis, Veterans Administration, Army, and 
Navy, 1954. and 19565. 

19 Diagnostic Standards and Classification of 
Tuberculosis, National Tuberculosis Association, 


1955. 


(table 1). This difference was significant (t = 9.85, 
P <0.01). When the patients were divided accord- 
ing to the extent of their tuberculosis by NTA 
standards, the total serum glycoprotein per- 
centage during the first month of observation 
correlated with the severity of the disease (figure 
1). The difference between the groups with mini- 
mal and with far advanced disease gave a P value 
of <0.05 (t = 2.41). The total serum glycoprotein 
percentage also correlated with the estimate of 
the percentage of lung involved (<25 per cent 
lung involved = 2.16 + 0.1, 25-50 per cent in- 
volved = 2.31 + 0.1 and >50 per cent involved = 
2.52 + 0.2). The differences are all significant 
(P <0.05). During the first month those patients 
whose sputum became negative for tubercle 
bacilli had a mean serum glycoprotein percentage 
of 2.06 + 0.0, while the average value for those 
with tubercle bacilli in the sputum was 2.35 + 0.09 
per cent. This difference was not significant 
(t = 1.91, P >0.05). The presence of cavity, fever, 
and prior therapy did not influence the value. 
The erythrocyte sedimentation rate correlated 
significantly with the total serum glycoprotein 
percentage (r = 0.48, P <0.01). Comparison 
between the group of patients whose chest films 
showed early improvement with those whose 
films did not, showed no significant difference 
(t = 1.33, P >0.1). The total glycoprotein values 
yielded entirely similar results except that the 
initial values of the patients whose sputum became 
noninfectious were significantly lower than of 
those who continued to discharge tubercle bacilli. 

The seromucoid was significantly elevated to 
19.3 + 1.0 mg. per 100 ml. compared with a normal 
control figure of 12.0 + 0.8 mg. per 100 ml. (t = 
5.62, P <0.01). The extent of the tuberculosis 
did not appear to affect the seromucoid level. 
There was no significant difference in the initial 
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Fic. 1. Mean total serum glycoprotein percentage during the first month of observation of 43 hos- 
pitalized tuberculous patients who received chemotherapy. The figure in parentheses on each bar shows 


the number of persons for each group. 


seromucoid levels between the group of patients 
whose disease improved by roentgenographic 
examination and those whose disease remained 
the same (t = 0.86, P >0.3). The erythrocyte 
sedimentation rate did not correlate with initial 
values of seromucoid (r = 0.21, P >0.05), and the 
presence of cavity, fever, and prior therapy did 
not influence the amount of seromucoid. 

The mean gamma-globulin glycoprotein during 
the initial period was 30.8 + 1.7 mg. per 100 ml. 
as compared with a control of 21.0 + 0.7 mg. per 
100 ml. This difference was significant (t = 4.26, 
P <0.01). When these data were analyzed for the 
various factors, the only significant difference 
was in the mean gamma-globulin glycoprotein 
value for the patients with less than 25 per cent 
lung involved as compared with more than 50 
per cent (27.7 mg. and 34.1 mg., t = 1.88, P <0.05). 
There was no correlation with the sedimentation 
rate (r = 0.29, P >0.05). There was no significant 
’ difference in the elevation of the initial gamma- 
globulin glycoprotein values in the patients who 
showed improvement and those who did not 
(t = 0.298, P >0.8). 

The gamma-globulin glycoprotein during the 
first month of observation expressed as a percent- 
age of gamma globulin did not differ significantly 
from the controls (2.30 + 0.06 per cent and 2.31 + 
0.05 per cent). 

The mean values obtained for the glycoprotein 
fractions declined toward normal during subse- 
quent observation periods. The amount of change 
for each clinical category and glycoprotein frac- 
tion between each period were subjected to 


statistical comparisons and the results of these 
comparisons are summarized in table 2, which 
shows the ‘‘t’? value of each comparison made 
between the change of chemical values for each 
clinical category, and indicates which changes 
were significant at the 95 per cent confidence 
level or higher. 

For the whole group of patients with active 
tuberculosis, each of the serum glycoprotein 
substances measured decreased during the second 
and third months of observation from the average 
values found during the first month. This decline 
was significant for each of the three substances 
measured: total serum glycoprotein (t = 5.76, 
P <0.01), seromucoid (t = 3.78, P <0.01), and 
gamma-globulin glycoprotein (t = 3.6, P <0.01). 
In addition, the total glycoprotein/protein ratio 
decline was significant (t = 4.83, P <0.01). How- 
ever, the gamma-globulin glycoprotein/gamma 
globulin ratio did not decline significantly (t= 
0.44, P >0.50). During subsequent months of 
observation the total serum glycoprotein showed 
no further significant decline. Following the 
initial drop, the seromucoid fraction remained 
stable within the normal range during the second 
through the fifth months, but during the sixth 
and seventh months the mean value was signifi- 
cantly lower than during the preceding periods 
(t = 3.24, P <0.02). The glycoprotein fraction of 
the gamma globulin behaved similarly, remaining 
near the upper limit of the normal range during 
the second through the fifth months, then de- 
clining significantly into the normal range during 
the sixth and seventh months (t = 5.55, P <0.01) 
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TABLE 2 
SUMMARY OF STATISTICAL COMPARISON 
‘“‘t’? Values Change in Mean Value between Periods of Observation 


| Gamma- 
: Total Glyco- Glycoprotein- : Gamma- Globulin- 
Compatinen aft Protein Ratio Seromucoid 
Active tuberculosis 
Change period 1 to period 2......| 30 5.76* 4.83* 3.78* 3.60* 0.44 
Change period 2 to period 3......| 14 1.59 1.64 0.70 0.85 2.43T 
Change period 3 to period 4...... 6 0.56 0.87 3.24f 5.55 0.01 
Improving roentgenographically 
Change period 1 to period 2...... 13 3.76* 2.82* 2.24f 3.13* 2.73T 
Change period 2 to period 3...... 7 1.69 1.32 1.01 0.34 1.78 
Change period 3 to period 4.....| 3 0.29 0.56 1.33 3.84 - 1.31 
Same roentgenographically 
Change period 1 to period 2......| 12 3.70* 2.23f 2.28f 3.18* 0.571 
Change period 2 to period 3...... 5 0.34 0.07 1.07 1.64 Fe am 
Change period 3 to period 4...... l 0.65 2.02 <0.65 1.96 1.04 
Improving roentgenographically vs. 
Same roentgenographically 
Change period 1 to period 2......| 26. 0.32 1.23 0.27 1.72 1.50 
Change period 2 to period 3......| 13 0.55 0.50 0.17 0.83 0.52 
Change period 3 to period 4......; 6 0.08 0.16 <0.08 <0.08 0.76 
Sputum became negative for tuber- 
cle bacilli 
Change period 1 to period 2......|_ 13 3.20* 3.87* 2.66t 1.50 0.39 
Change period 2 to period 3......| 9 0.91 0.13 0.65 0.13 2.89 
Change period 3 to period 4........ 5 | <1.40 <1.40 2.31 7 .93* 1.40 
Sputum remained positive for tu- 
bercle bacilli 
Change period to period 2......| 12 5.02t 2.22t 1.91 0.20 
Change period 2 to period 3....... 2 3.32 2.43 0.00 1.14 0.16 
Sputum negative vs. positive for 
tubercle bacilli 
Change period | to period 2......| 26 3.12 1.91 0.41 0.69 1.44 
Change period 2 to period 3......;| 10 1.27 0.44 0.44 0.89 0.93 


d/f Degrees of freedom. 
< 
< 0.05. 


The gamma-globulin glycoprotein/gamma-globu- 
lin ratio did not decline, but showed a significant 
increase during the fourth and fifth months (t = 
2.43, P <0.05). However, no other significant 
changes occurred in this ratio. The rises noted 
during the tenth and eleventh months may be 
attributed to the influence of a remnant of patients 
who had progressive disease. 

The group of patients with roentgenographic 
improvement showed a significant decline of all 
these substances and for the total glycoprotein 
expressed as per cent. However, the group of 
patients whose roentgenograms remained the 


same also showed a significant decline in the 
concentration of each of these substances. Com- 
parison between these two groups of the amount 
of change in mean concentration of these sub- 
stances from the first month to the second and 
third months showed no significant difference. 

Only 3 of the patients with active tuberculosis 
showed progressive disease by roentgenographic 
examination during the second and third months 
as compared with the first month of observation. 
Analysis of the glycoprotein determination on 
this small group showed a significant decrease in 
the total serum glycoprotein (t = 6.65, P <0.05). 
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However, none of the other substances showed a 
significant change. A comparison was made of 
the amount of change that occurred in concentra- 
tion of each substance from the first month to the 
second and third months between the patients 
who improved or remained the same with those 
who had progressive disease. A significant differ- 
ence was found in the decline of the total serum 
glvcoprotein concentration between the patients 
who improved and those who had progressive 
disease (t = 2.81, P <0.02), but the variation 
occurring in the patients whose disease was 
unchanged did not differ significantly from that 
in the patients who had progressive disease 
(t = 2.09, P > 0.05). However, the total serum 
glveoprotein percentage of the total serum pro- 
tein showed significant differences in rate of 
change during this period, both for the progressive 
versus the improving groups (t = 3.11, P <0.01) 
and for the progressive versus the unchanged 
groups (t = 3.65, P <0.01). The glycoprotein 
decreased less in the progressive group. These pa- 
tient groups showed no significant changes in the 
other substances. 

Grouping the patients as to whether their 
sputum became negative or remained positive for 
tubercle bacilli and analyzing the changes in the 
giveoprotein fraction concentrations from the 
first month to the second and third months showed 
significant decreases in the total serum glycopro- 
tein, the total glycoprotein as percentage of serum 
protein, and the seromucoid for both groups and 
no difference in the two categories. The gamma- 
globulin glycoprotein concentration, and this 
substance expressed as a percentage of gamma 
globulin, did not change significantly. 


* * * 


Serum glycoprotein fraction elevations have 
been reported in a number of different pathologic 
processes such as infection, arthritis, and cancer.”° 
Apparently the increase of these substances is a 
general body-response to inflammation. It is not 
surprising to discover that the concentration of 
these substances returns toward normal values 
with the subsidence of the inflammatory process 
which eaused their elevation. 

In this series of 43 cases of active tuberculosis 
there is good correlation between the elevation 
of the serum glycoprotein values and the criteria 
used for evaluation of the extent of activity of 
the disease. As noted in the groups of patients 
with and without roentgenographic evidence of 
improvement and in those whose sputum became 
negative or remained positive for tubercle bacilli, 


20 SHETLAR, M. R.: Texas Rep. Biol. & Med., 
1952, 10, 228. 
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there is a significant decrease of the glycoprotein 
concentrations. However, these substances de- 
clined similarly in patients who showed improve- 
ment in their roentgenographic status and in those 
who remained the same and independent of 
sputum conversion. This lack of significant 
difference possibly indicates that the inflamma- 
tory tissue processes of pulmonary tuberculosis 
are subsiding in both groups, that the roentgeno- 
graphic evidence of structural improvement occurs 
more slowly, and that infection per se is not re- 
sponsible for the elevations ncted. These findings 
support Shetlar’s suggestion that elevation of the 
glycoprotein fractions correlates with the extent of 
tissue injury and with tissue proliferation.®: ™ 

These results are in essential agreement with 
the reports of Lawrence and associates,'! Edward!” 
and Galletti and co-workers.?! Certain differences, 
however, should be noted. Lawrence,'' for exam- 
ple, found that patients with prior therapy and a 
more chronic form of the disease had normal 
values. The values for this group in the present 
series were not different from the values in those 
who were new treatment cases. Both Lawrence 
and Edward observed that the seromucoid levels 
correlated with the extent of the disease. The 
patients in the present study did not exhibit this 
correlation as far as the seromucoid levels were 
concerned, although the other factors did cor- 
relate. The reason for this difference is not evident. 
Edward found that roentgenographic improve- 
ment and reversal of infectiousness were reflected 
by lowering of values, whereas, in the present 
study, reduction in values was noted whether or 
not there was roentgenographic change and 
whether or not the sputum remained positive for 
tubercle bacilli. Again, there is no satisfactory ex- 
planation for this apparent discrepancy. 

Since the glycoprotein values are related to 
the amount of activity of the pulmonary tubercu- 
losis, serial determination of these substances 
apparently provides a means of evaluating a 
patient’s response to therapy. An example of this 
application is seen in the last period of observation 
(see table 1). The mean values shown in the last 
period of observation represent a small number of 
patients who had left the hospital earlier against 
advice and returned at this time, with an exacerba- 
tion of their tuberculosis. As mentioned earlier, 
the small group with progressive disease exhibited 
a reduced rate of return to normal. This was also 
observed by Lawrence and associates.'! It seems 
probable that the serum glycoproteins represent 
another parameter which is indepéndent of many 


21 GALLETTI, F., ef al.: Acta tuberc. Scandinav., 
1955, 31, 185. 
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of the faetors ordinarily used to determine im- 
provement of the tuberculous process. 

In summary: Serial determinations of several 
serum glycoprotein fractions have been made in 
43 male patients undergoing chemotherapy for 
active pulmonary tuberculosis. Initially, the 
values of the total serum glycoprotein, serum 
glycoprotein/protein ratio, the seromucoid, and 
the gamma-globulin glycoprotein were elevated 
to a significant degree above normal. These values, 
with the exception of the seromucoid, seem to be 
proportional to the extent of the inflammatory 
response. The presence of cavity, fever, previous 
treatment, reversal of infectiousness, or roentgen- 
ographic improvement did not influence the initial 
values. The total serum glycoprotein, seromucoid, 
and gamma-globulin glycoprotein values de- 


creased during antimicrobial therapy. The small 
group of patients with progressive disease showed 
less tendency to return toward normal. Deter- 
mination of these substances provides an addi- 
tional means to evaluate the response to therapy. 
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A NEW ANTITUBERCULOUS AMINO ACID (a-HYDROXY-y-OXO-L-N ORVALINE) 


An antituberculous amino acid has been iso- 
lated from the culture broth of Streptomyces 
Akiyoshiensis nov. sp.' This was identified as 
a-hydroxy-y-oxo-L-norvaline, abbreviated as 
HON .2 The compound was also prepared by chemi- 
cal synthesis.? 

Interestingly enough, this amino acid is effec- 
tive only against strains of human and bovine 
tubercle bacilli and certain of the unclassified 
mycobacterial strains. All other bacteria tested 
so far, including avian tubercle bacilli and sapro- 
phytic mycobacteria, were found to be insus- 
ceptible to the acid. 

The minimal inhibitory concentration of the 
amino acid in vitro varies widely according to the 
culture medium used. Against both human and 
bovine tubercle bacilli, the inhibitory concentra- 
tion was 2 to 4 y per ml. in “ammonium sulfate 
medium,’ 10 to 20 y per ml. in Kirchner medium, 
and 200 to 400 7 per ml. in Dubos medium. 

These discrepancies were accounted for by the 
antagonistic effect of amino acids (glutamine, as- 
paragine, glutamate, and aspartate) and of ferrous 
compounds. 

Although this antituberculous amino acid is 
more stable in phosphate buffer at pH 6 than at 
pH 8, the minimal inhibitory concentration 
against H37Rv was the same over a pH range of 
5.5 to 8.5 in Kirchner medium. 

Tubercle bacilli of the H37Rv strain, resistant 
to the amino acid, can be obtained by repeated 
transfers in Kirchner medium. After 25 such 
transfers, the bacilli gained 64 fold resistance, and 
their population was found to be homogeneous in 
character. On the other hand, the emergence of 
isoniazid-resistant H37Rv in vitro was markedly 
retarded as compared with the control series in 
the presence of 2 to 4 y per ml. of the amino acid 
in the Kirchner medium. 

The antituberculous effect of HON against 


— 


! Descriptions of this strain will be published 
elsewhere by K. Nakazawa and his associates. 

2 Mryake, A.: (Chem. Pharm. Bull., in prepara- 
tion) 
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Bovine plasma Fraction V, added after 
In this medium, the minimal inhibitory concen- 
tration of streptomycin, PAS, and _ isoniazid 
against the H37Rv strain was estimated as 4 y per 
ml., 1 y per ml., and 0.1 y per ml., respectively. 


intracellular tubercle bacilli was estimated in 
tissue culture of guinea pig monocytes essentially 
according to the Suter method.‘ The experimental 
results showed that 160 7 of HON per ml. were 
equivalent in effectiveness to 10 y of streptomycin 
per ml. 

As to the acute toxicity of the amino acid for 
mice, the LDs0 was 5,200 mg. per kg. by the intra- 
venous route, 8,000 mg. per kg. by the subcutane- 
ous route, and 7,600 mg. per kg. by the oral route. 
Measurement of HON in the blood can be made 
colorimetrically by the use of triphenyltetra- 
zolium chloride after deproteinization by sodium 
tungstate. When 100 mg. of HON per kg. were 
administered to a rabbit subcutaneously, a peak 
concentration of 177 y per ml. was attained after 
one houg,and fell to 4 y per ml. after five hours. 
By the oral route, a peak of 120 y per ml. was ob- 
tained after two hours, but a concentration of 
73 y per ml. was still present after five hours. 

The therapeutic effect upon experimental tu- 
berculosis in mice was tested by a routine ‘‘sur- 
vival test’’ using the H37Rv strain. From com- 
parison with the STs, a therapeutic effect 
corresponding to the subcutaneous administration 
of 0.2 mg. of streptomycin per day can be obtained 
by the administration of 1.0 to 2.0 mg. of HON 
per day either subcutaneously or by mouth. 

It is interesting to observe that similarly in- 
fected mice, fed with a diet containing 0.05 per 
cent of HON, enjoyed a better therapeutie effect 
than those given a diet with 0.25 per cent of PAS. 

A preliminary experiment with guinea pigs has 
shown that 100 mg. of the amino acid per day 
(from the second through the eighth weeks) ex- 
erted a therapeutic effect comparable to 5 mg. of 
streptomycin per day. 

A synergistic effect has been noted by combin- 
ing HON with zygomycin A (a new paromomycin- 
like antimicrobial) both in vitro and in vivo. 

In view of the specific effectiveness of HON 
upon pathogenic mycobacteria, it is suggested 
that this amino acid might also affect M. leprae 
in humans. Further study of this amino acid seems 
worth while, and investigations are now being 
continued. 

Ken-Icn1 KANAZAWA 
Kanji TSUCHIYA 
ARAKI 

Research Laboratories 

Takeda Pharmaceutical Industries, Ltd. 

Osaka, Japan 
December 28, 1959 


‘Suter, E.: J. Exper. Med., 1952, 96, 137. 
® ARAKI, T., et al.: Ann. Rep. Takeda Research 
Lab., 1956, 15, 113. 
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OBSERVATIONS ON THE PIGMENT PRODUCTION OF UNCLASSIFIED 
MYCOBACTERIA UNDER CONDITIONS OF INCUBATION IN THE 
LIGHT AND IN THE DARK! 


In the past, because of the pressure from the 
clinician for rapid culture identifications, it has 
been the practice of this laboratory to attempt to 
differentiate the unclassified mycobacteria by 
their pigment production in the presence and 
absence of light as.soon as culture growth would 
permit. Unfortunately, this practice has led to a 
few premature reports to the clinicians which 
later had to be revised. It has also been observed 
upon several occasions that the pigments on which 
the classification was based were quite different 
from those pigments present on their respective 
drug-susceptibility controls when examined sev- 
eral weeks later. These two observations raised 
the question of just how long one should incubate 
cultures under light and in the dark before reliable 
observations could be obtained. 

Runyon? divides the unclassified mycobacteria 
into three groups according to their pigment 
production, i.e.: photochromogens, nonphoto- 
chromogens, and scotochromogens. Whereas the 
photochromogens are yellow in the light and 
white-to-buff in the dark, the scotochromogens 
are red-orange in the light and yellow-to-pale- 
orange in the dark. All others, except rapid 
growers, are grouped as nonphotochromogens. 
This group includes those unclassified mycobac- 
teria which produce the same pigment both under 
light and in the dark. In an attempt to further 
categorize the nonphotochromogens, which con- 
stitute the predominating group of the unclassified 
mycobacteria isolated in the Southeast, the 
nonphotochromogens have been divided into two 
groups: (1) those which are buff-to-ivory, and 
(2) those which produce the same degree of yellow- 
to-orange pigment in both the light and the 
dark. These are presently labeled nonphotochro- 
mogen III-A and nonphotochromogen III-B, 
respectively. 

To answer the question concerning the length 
of incubation time and to evaluate the proposed 
grouping modification, a series of observations 
was made on several groups of unclassified myco- 
bacteria which had been subjected to incubation 
in the presence and absence of light over a four- 
week period. 


1 This investigation was supported in part by 
the National Institute of Health Advisory Council 
on Allergy and Infectious Diseases, Grant 2377— 
‘Pulmonary Disease and ‘Atypical Acid-fast 
Bacilli’.’’ 

2 Runyon, E. H.: Am. Rev. Tuberc., 1955, 72, 


Five representative cultures from each of three 
groups, i.e., Group III-A nonphotochromogens 
(nonpigmented), Group III-B nonphotochromo- 
gens (pigmented), and Group II scotochromogens 
were selected from stock cultures for study (table 
1). Suspensions of each culture were made in 
Dubos medium according to the technique of 
Dunbar and associates.* For each culture, five 
Léwenstein-Jensen medium slants were inoculated 
from the faintly turbid suspension, one of which 
was exposed to light, and the remaining four 


TABLE 1 
ORIGINAL CLASSIFICATION OF CULTURES TESTED 


Culture Number Original Classification 
TAM 33 ....| Group II scotochromogen 
TAM 60.....| Group ITI scotochromogen 
TAM 70. ....| Group II scotochromogen 
TAM 59.....| Group II scotochromogen 
TAM 81.....| Group II scotochromogen 
TAM 21.....| Group III-B nonphotochromogen 
(pigmented) 
TAM 36.....| Group III-B nonphotochromogen 
(pigmented) 
TAM 25.....} Group III-B nonphotochromogen 
(pigmented) 
TAM 76.....| Group III-B nonphotochromogen 
(pigmented) 
TAM 27.....| Group III-B nonphotochromogen 
(pigmented) 
Group III-A nonphotochromogen 
(nonpigmented) 
Group III-A nonphotochromogen 
(nonpigmented) 
TAM 10...... Group III-A nonphotochromogen 
(nonpigmented) 
TAM 16.....| Group III-A nonphotochromogen 
(nonpigmented) 
pe Group III-A nonphotochromoge 
(nonpigmented) 


covered with dark paper. All were incubated at 
37°C. A 36-inch, cool white, 30-watt, General 
Electric fluorescent bulb served as the light 
source. The cultures were 8 inches from the bulb. 
At this distance, the light intensity was 150 
candles per square foot as measured with a Weson, 
Master No. 3, light meter. 

At the end of one week, the light culture and 
one of the corresponding dark cultures were 
examined, after which both were incubated in the 
presence of light. At the end of the second week 


3 DunBaR, F. P., et al.: Am. Rev. Tuberc., 
1958, 77, 350. 
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TABLE 2 
AMOUNT OF GROWTH AND PIGMENT PRODUCED OVER A Four-WEEK PERIOD 
ist Week 2nd Week 3rd Week 4th Week 
Culture 
Number 
Light Dark Light Light Dark Light Dark 
TAM 33 2+ 3+ 3+ 3+ 3+ 3+ 3+ 44 
y-yo b r-O b-y r-o r-O 
TAM 60 2+ 4+ 2+ 3+ 2+ 4+ 2+ 4+ 
y-yo r-o r-O r-ro yo-ro r-O yo-ro 
TAM 70 1-2+ 3+ 2+ 4+ 3+ 4+ 2-3+ 4+ 
y y y-o y-o y-o 
TAM 59 1+ 3+ 1+ 3+ | 2+ 4+ 2+ 44 
y y-o | y-yo r-O y-yo 
TAM 81 1+ 2+ 1+ 3+ | 2+ 4+ ‘| 2+ 44 
y-o r-O y r-ro y-o r-ro -y-0 
TAM 21 1+ | 2+ 1+ 3+ 2+ 3+ 2+ 3+ 
y b y-o b-v y-o t-v y-vo y 
TAM 36 1+. 2+ 1+ 3+ 2+ 3+ 2+ 3+ 
y b-y y y y y 
TAM 25 2+ 3+ 3+ 4+ 3+ 4+ 8+ 44 
y y y y y y y y 
TAM 76 1+ 3+ 2+ 3+ 3+ 4+ 3+ 4+ 
Vv y-o r-O y-yo r-O y-o 
TAM 27 1+ 2+ 1+ 3+ 2+ 3+ | 2+ 3+ 
| dey b-y y b-y y b-y y 
TAM 6 | 2+ 3+ 3+ 3+ 3+ 4+ — B+ 4+ 
| b-i b-i | b-i b-t i-te b-t b-e 
ORL 1 | I+ 3+ | 2+ 3+ 3+ 3+ 2+ 3+ 
cS b-i b-k | b-e b-t b-et b-t b-c 
TAM 10 1+ 2+ 2+ 3+ 2+ 3+ 3+ 3+ 
b-ly b-i b-y b-tv by-yvo y-t 
TAM 16 | 2+ 3+ 3+ 3+ | 4+ 4+ 4+ 4+ 
b-i b-i b-i | b-i | b-i 
TAM 8 | 2+ 3+ >. a+ 3+ | + 4+ | 4+ 4+ 
| b-i | b-i be b-iec | e-t b-e  b-t b-e 
1+—50-200 colonies y—vellow 
2+—innumerable discrete colonies o—orange i—ivorv 
3+—less than confluent b—buff ¢—cream 
4+—confluent r—red k—khaki 
t—tan 


these cultures were re-examined along with an- 
other of the cultures incubated in the dark; then 
all were again re-exposed to light incubation. This 
was repeated throughout the four-week period. 


Recorded in table 2 are the observations of the 
pigment development over the four-week period. 
It is readily apparent.that a report of identifica- 
tion based on pigment production in the light and 
in the dark at the end of one week would be un- 
reliable. For example, 7AM-33, TAM-21, TAM-10 
and, conceivably, TAM-36 and TAM-27 could 
easily be mistaken for photochromogens of Group 
/ if the conclusions were based on one-week obser- 
vations alone. 3 

At the end of the second week the color reaction 
of all cultures had become more accentuated, 
probably due to increased growth. This was more 


obvious in the third week, and the results of the 
fourth week were essentially the same as those of 
the third week. An experienced observer can 
draw fairly reliable conclusions from the results 
obtained at the end of the second week, although 
there still may be pitfalls, i.e., TAM-33, TAM-21, 
TAM-27, and TAM-10, which again may possibly 
be identified as photochromogens. Furthermore, 
TAM-59 could be identified as a member of the 
nonphotochromogens of Group III-B. 

As the incubation time increases, more relia- 
bility can be placed on the results obtained. At the 
end of the third week, a lay observer would have 
little trouble in interpreting his observations, 
although even here difficulties arise. It might be 
argued, and rightly:so, that 7AM-70 belongs to 
the nonphotochromogens of Group III-B rather 
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than to those of the Group II scotochromogens, 
and that 7'AM-76 belongs to Group IT rather than 


to Group III-B, Here are cases of premature . 


conclusions mentioned earlier. In _ addition, 
TAM-10 might be considered a nonphotochromo- 
gen of Group III-B instead of a Group III-A non- 
photochromogen. 

Upon repeated light and dark incubation, an 
occasional culture originally classified as a non- 
photochromogen of Group III-B has been observed 
to produce that pigment type associated with the 
Group II scotochromogen (and vice versa). Al- 
though it is not apparent here, this phenomenon 
has been encountered with the culture labeled 
TAM-21. Moreover, TAM-70 and TAM-76, men- 


TABLE 3 
CoLor DEVELOPMENT IN THE PRESENCE OF LIGHT 
AFTER INITIAL ONE-WEEK INCUBATION IN 


THE DARK 
Culture ist Week | 2nd Week 3rd Week| 4th Week 
Number Dark Light Light Light 
TAM 33 3+ 3+ 4+ 44 
TAM 60 4+ 4+ 4+ 4+ 
y-o r-O r-O r-O 
TAM 70 3+ 3+ | 3+ 4+ 
y | yo | yo y-o 
TAM 59 3+ 3+ 4+ dor 
r-o r-O r-O 
TAM 81 2+ 3+ 3+ 4+ 
r-O r-o r-O 
TAM 21 2+ 3+ 3+ 3+ 
b y y 
TAM 36 2+ 3+ 3+ | 44+ 
b-y y y y 
TAM 25 3+ 3+ 3+ 3+ 
y 
TAM 76 3+ 3+ 4+ 4+ 
y r-O r-o r-o 
TAM 27 2+ 2+ | 3+ 3+ 
b-y | y y 
TAM 6 3+ 3+ 3+ 3+ 
b-i b-e b-ct b-e 
ORL 1 3+ 3+ 3+ 3+ 
b-i b-e b-tb b-y-t 
TAM 10 2+ 2+ 3+ 3+ 
b-i Vv y-yo by-yo 
TAM 16 3+ 3+ 4+ 4+ 
b-i b-i i-¢c 
TAM 8 3+ 3+ | 44+ 4+ 
b-i b-c | b-ei b-e 


1+—50-200 colonies y—vellow Il—lemon 
2+-—innumerable discrete o—orange i-—ivory 


colonies 
3-+—less than confluent b—buff c—cream 
4+—confluent r—red k—khaki 


t—tan 


TABLE 4 
Cotor DEVELOPMENT IN THE PRESENCE OF 
LIGuT AFTER INITIAL Two-WEEK INCUBATION 
IN THE DARK 


Culture 2nd Week 3rd Week 4th Week 
Number Dark Light Light 
TAM 33 3+ 3+ 4+ 
b-y r-O r-O 
TAM 60 3+ 4+ 4+ 
r-O r-O r-O 
TAM 70 4+ 4+ 4+ 
TAM 59 3+ 4+ 4+ 
y-o y-o 
TAM 81 3+ 3+ 3+ 
y-o y-o 
TAM 21 3+ 3+ 3+ 
b-y y y 
TAM 36 3+ 3+ 3+ 
y y-yo 
TAM 25 4+ 4+ 4+ 
y y 
TAM 76 3+ 4+ 4+ 
y r-0-y r-yo 
TAM 27 3+ 3+ 3+ 
b-y by-y 
TAM 6 3+ 3+ 3+ 
b-i 
ORL 1 3+ 4+ 4+ 
b-e c-t b-e 
TAM 10 3+ 3+ 3+ 
by-y b-yv 
TAM 16 3+ 3+ 4+ 
b-i i-¢c 
TAM 8 3+ 3+ 4+ 
b-i or e b-i i-¢ 


1+—50-200 colonies y—yellow |l—lemon 
2+—innumerable discrete o—orange i—ivory 


colonies 
3+—less than confluent b-buff e—cream 
4+—confluent r—red | k—khaki 


t—tan 


tioned above, might also be examples of this 
phenomenon. 

On closer examination, it will be noted that in 
most cases the cultures which were incubated in 
the dark have a little more growth than those 
incubated in the presence of light, suggesting 
that the intensity of the light source contributes 
to the inhibition of growth. Subsequent studies 


at 50 candles per square foot have shown that this 


is indeed true. Moreover, a strong light source 
bleaches the medium, making color interpretations 
between the light- and dark-incubated cultures 
even more difficult due to the lighter background 
of the light-incubated cultures. The growth 
difference also complicates the color interpreta- 
tions. 
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TABLE 5 
CoLor DEVELOPMENT IN THE PRESENCE OF LIGHT 
ArTerR InitTrAL THREE-WEEK INCUBATION 
IN THE DARK 


TAM 33 | 3+ | 4+ 
| y | 0-ro 
TAM 60 | 4+ | 4+ 
| yo-ro | r-o 
TAM 70 4+ 4+ 
| vo | 
TAM 59 4+ | 4+ 
y-yo | y-o 
TAM 81 44+ | 4+ 
| v-0 | y-o 
TAM 21 | 3+ | 3+ 
| | by-y 
TAM 36 3+ | 3+ 
v 
TAM 25 | 4+ | 4+ 
| 
TAM 76 | 3+ | 4+ 
v-vo | 
TAM 27 | 3+ 3+ 
| by b-y 
TAM 6 | 3+ 3+ 
| 1-t-c | b-e 
ORL 1 | 3+ | 4+ 
| be-t | b 
TAM 10 3+ 3+ 
| b-t-y by-b 
TAM 16 | 4+ 4+ 
| b-i | i 
TAM 8 | 4+ : 4+ 
| b-e 
1+—50-200 colonies vy—vellow 
2+—innumerable discrete o—orange i—ivory 
colonies b—buff c—cream 
3+—less than confluent r—red k—khaki 
4+—confluent t—tan 


In view of the limited data, certain conclusions 
are suggested regarding the growth and pigmenta- 
tion of cultures incubated initially in the dark and 
subsequently in the presence of light. The results 
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of these experiments are presented in tables 3, 4, 
and 5. In general, when a culture which had been 
incubated one, two, and three weeks in the dark 
was examined after the first week of light exposure, 
it was observed that it had taken on the pigment 
present in its light-incubated counterpart on the 
second week of light incubation. Furthermore, the 
pigment was quite stable during the remainder of 
the study period. Here again, the dark-incubated 
cultures demonstrate more growth than their 
respective light-incubated counterparts. 


*” * 


These foregoing observations suggest that the 
conditions under which the mycobacteria are 
incubated are significant in pigment production. 
Therefore, when using a grouping criterion based 
upon the degree of pigment production in the 
presence and absence of light, the conditions of 
exposure to light should be carefully controlled as 
to time and as to intensity of the light source. 
Unless standardized, these variables will lead to 
errors in interpretation. It is the practice in this 
laboratory to inoculate duplicate slants of Léwen- 
stein-Jensen medium, one of whiclk is incubated 
in the presence of light and the other in the dark. 
These are then examined between the second and 
third weeks. 

Runyon’s classification is sufficient in grouping 
the photochromogens and scotochromogens. It is 
easily understood why he classified the remaining 
unclassified mycobacteria generally as non- 
photochromogens. Further subgrouping of the 
latter, based on pigment production, is not en- 
tirely adequate because of the borderline cases. 
It is convenient, however, for a tentative separa- 
tion. Further studies along this line are under 
way. 

Evpert C. Hartwia, JR. 

Bureau of Laboratories, Florida State Board of 

Health, Jacksonville, Florida; and 

Central Tuberculosis Laboratory, Southwest Flor- 

ida Tuberculosis Hospital, Tampa, Florida 
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THE PRODUCTION OF “ANTI-ISONIAZID” SUBSTANCE BY ISONIAZID- 
SUSCEPTIBLE, ISONIAZID-RESISTANT, AND UNCLASSIFIED 
STRAINS OF MYCOBACTERIA! 


Youmans and Youmans? reported that filtrates 
and extracts of laboratory strains of mycobacteria 
contained large amounts of a substance, appar- 
ently an enzyme, which would inactivate isoniazid 
in vitro. Later, it was found that this ‘‘anti- 
isoniazid’’ substance would also reverse the 
chemotherapeutic effect of isoniazid in tubercu- 
lous mice.® 

In the course of these investigations, it was 
noted that the H37Rv strain which had been made 
resistant to isoniazid tn vitro produced much less 
anti-isoniazid than several isoniazid-susceptible 
strains.? This isolated finding raised the question 
whether an inverse relationship might exist be- 
tween resistance of mycobacteria to isoniazid and 
production of anti-isoniazid. 

This paper is a report on the production of 
anti-isoniazid by recently isolated isoniazid- 
resistant and isoniazid-susceptible strains. Pro- 
duction of anti-isoniazid by several unclassified 
strains of mycobacteria and by the avirulent H37- 
RaN strain also has been studied. 


Ten isoniazid-resistant strains,‘ 6 unclassified 
strains,® 15 recently isolated human drug-sus- 
ceptible strains,* the H37RaN strain,’ and the 
isoniazid-susceptible H37Rv human strain of 
mycobacteria were employed. The strains were 
grown as surface pellicles on modified Proskauer 
and Beck medium? for five and eight weeks. At 
the end of each of these periods, filtrates of the 


1 Aided, in part, by a research grant from the 
Tuberculosis Institute of Chicago and Cook 
County, Chicago, Illinois. 

2 Youmans, A. S., AND YouMANS, G. P.: Am. 
Rev. Tuberc., 1955, 72, 196. 

3 Youmans, A. 8S., aND Youmans, G. P.: Am. 
Rev. Tuberc., 1956, 73, 764. 

* Seven strains were obtained from Dr. William 
Steenken, Jr., Saranac Lake, New York; 2 from 
Dr. William Lester, Suburban Cook County 
Tuberculosis Association, Hinsdale, Illinois; and 
one from Dr. Milton Silverman, Veterans Ad- 
ministration Research Hospital, Chicago, Illinois. 

5’ Obtained from Dr. Ernest Runyon, Veterans 
Administration Research Hospital, Salt Lake 
City, Utah. 

6 Obtained from Dr. Milton Silverman, Veterans 
Administration Research Hospital, Chicago, 
Illinois. 

7 Youmans, A. 8., Youmans, G. P.: Proc. 
Exper. Biol. & Med., 1956, 92, 566. 

8 Youmans, G. P., anp Karuson, A. G.: Am. 
Rev. Tuberc., 1947, 55, 529. 


cultures were obtained using a fine sintered glass 
filter. 

The method used for measurement of the 
amount of ‘‘anti-isoniazid’’ in each filtrate has 
been described.? Briefly, it consists of adding 1.0 
ml. of the sterile filtrate to sterile twofold dilutions 
of isoniazid made with the Proskauer and Beck 
medium. These tubes are inoculated with 0.1 ml. 
of 10-? mg. of a finely ground suspension of the 
fast-growing saprophytic mycobacterial strain, 
607. It had been found that the 607 strain and the 
H37Rv strain had similar endpoints when used as 
test organisms for the presence of anti-isoniazid* 
and, since the inhibitory activity of isoniazid 
tended to decrease during prolonged incubation, 
the faster growing 607 strain was selected. The 
tubes were incubated for four days, and the 
highest concentration of isoniazid in which growth 
occurred was recorded as the amount of isoniazid 
which was completely inactivated by the filtrate. 
A filtrate obtained from cultures of the H37Rv 
strain of the same age was included in each experi- 
ment as a control, and one to five tests were done 
with each culture filtrate. In addition, several 
five- or eight-week-old culture filtrates were 
obtained from most of the strains and were tested 
separately. 


The mycobacterial strains, their susceptibilities 
to isoniazid, and the highest concentration of 
isoniazid which was neutralized by the five-week- 
old culture filtrates are listed in table 1. Large 
variation was encountered between the results of 
replicate tests done on filtrates obtained from 
eight-week-old cultures as compared with the 
uniform results obtained using filtrates from five- 
week-old cultures. This may be a reflection of the 
loss of “‘anti-isoniazid’’ which will oceur in fil- 
trates from older cultures.? 

Also given in table | is the statistical signifi- 
cance of the difference between the sample means. 
There was no significant difference in the amount 
of anti-isoniazid produced by the isoniazid- 
susceptible and the unclassified strains. However, 
there was a significantly lower amount of anti- 
isoniazid produced by the isoniazid-resistant 
strains than by the drug-susceptible and the 
unclassified strains. Moreover, there was no 
significant correlation between production of anti- 
isoniazid and catalase activity. 

A comparison was made between the amount 
of anti-isoniazid produced by the 4 strains which 
became resistant to isoniazid in the test tube or 


in the rabbit, and that produced by the 6 strains 


which became resistant in human beings. The lat- 
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TABLE 1 

Tue Errect or CuLTURE FILTRATES OF STRAINS OF MYCOBACTERIA ON THE INHIBITORY ACTIVITY OF 
ISONIAZID 


Human and Bovine Strains 


Unclassified Strains 


Susceptible to Isoniazid 


Resistant to Isoniazid 


bee | | | | 
| | Mil. of | | | 
Ss ibility; MI. of | MI. 
Strain Isoniazid | Strain | | Inactivated | Strain of Strain to Inactivated 
Fil- | | | | 
trate* | | 
124 0.045 | 31.0 1837 Ht | + 1.9 7.8 l 0.045 11.7 
135 0.022 | 54.0 | | 2 0.045 4.4 
157 Oise nape, 28 VA. | + 3.9 5.8 5 1.9 13.6 
166 0.022 31.0) series Ht | | 26 1.9 36.6 
231 0.045 | 19.0 | | | 146 0.1 28.0 
235 0.045 17.0 9278-370 BE + 225 0.09 31.0 
268 0.045 $23.0) | | 
322, | 0.045 | 31.0| | | 
492, | 0.045 | 23.0| HI24 Ht | + 
576 0.022 | 62.0) | | | 
505 0.022 | 31.0 | 9278-336 Bt — | 
705 0.045 31.0. | | | 
708) | 0.022 | 17.0) | | 
718 0.045 | 17.0) Ravenel BS 
737 0.045 19.0) | | 
H37Rv «0.045 86.0 | | | 
| | H37Rv H§ | - 3.9 78 | | 
| 6313 Ht | 1.9 15.6 | | 
6438 Ht 7.8 1a | 
62 Ht 12.5 15.6 | | 
33.2 8.7 20.9 
P = <0.001 P = <0.005 


P = <0.20, >0.10 


* Mycobacterium strain 607 was used as the indicator organism. The mean (18 experiments) ‘bac- 
teriostatic activity of isoniazid on this strain was 0.72y per ml. 


t Became resistant in vivo (humans). 
t Became resistant in vivo (rabbits). 
§ Became resistant in vitro. 

+ Some catalase activity. 

— No catalase activity. 


ter strains produced significantly more anti- 
isoniazid than the former strains (P = <0.025). 
However, these 6 strains still produced signifi- 
cantly less anti-isoniazid than the drug-suscepti- 
ble strains isolated from humans (P = <0.02 
> 0.01). 

Although it had been noted previously that 
growth of the saprophytic 607 strain, the H37Rv 
strain, or the H37Rv strain-resistant to isoniazid 
in sub-bacteriostatic concentrations of isoniazid 
did not increase the yield of anti-isoniazid in the 
culture filtrates,? further attempts were made to 


increase the yield in this manner by using other 
myobacterial strains. Two  isoniazid-resistant 
strains and 4 unclassified strains were grown on 
Proskauer and Beck medium in which isoniazid in 
a concentration of 0.01 y per ml. had been incorpo- 
rated. Filtrates from these cultures contained no 
more anti-isoniazid than did filtrates obtained 
from cultures grown at the same time on Proskauer 
and Beck medium that contained no isoniazid. 
The H37RaN strain is a variant of the H37Rv 
strain which had become avirulent for guinea pigs 
and mice following serial transfer over a six-year 
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period on a nitrogen-free Proskauer and Beck 
medium.’ This strain was transferred once to a 
complete Proskauer and Beck medium in order to 
obtain a heavy pellicle growth, and filtrates of 
_ these cultures were tested for anti-isoniazid. The 
results of several such determinations revealed 
that the H37RaN strain produced from one-tenth 
to one-fiftieth the amount of anti-isoniazid as did 
the parent H37Rv culture, even though the 
H37RaN culture was just as susceptible to the 
growth-inhibitory action of isoniazid as was the 
H37Rv culture. 


* * * 


Isoniazid-susceptible mycobacterial strains, by 
virtue of some unknown metabolic process, are 
able to produce a substance, ‘‘anti-isoniazid,’’ 
which will inactivate the growth-inhibitory action 
of isoniazid. On the other hand, strains of myco- 
bacteria which have become resistant to isoniazid, 
and are therefore metabolically changed, produce 
very much less anti-isoniazid than do susceptible 
strains. Furthermore, this change is more pro- 
nounced in strains which become resistant to 
isoniazid in vitro or in rabbits than in strains 
which become resistant following exposure to 
isoniazid in humans. 

Since anti-isoniazid is formed in the absence of 
isoniazid and addition of isoniazid to the culture 
medium does not increase its production, it ap- 
parently is not an adaptive enzyme. 

Production of a fairly large amount of anti- 
isoniazid by the H37Rv strain may provide an 
explanation for some of the findings of Barclay 
and co-workers® who, using C'‘-labeled isoniazid, 
reported that more isoniazid was bound when cells 
of this strain were maintained at 5°C. At this 
temperature the metabolic activities of the cells 
would be greatly reduced and less anti-isoniazid 
would be formed than at the optimal growth 
temperature, 37°C. Moreover, these investigators 
found that, after an early rapid fixation of 
isoniazid which reached a maximum in sixteen to 
twenty-four hours, there was a 20 to 50 per cent 
decrease of the bound isoniazid. They were unable 
to decide whether this decline was due to the 
increase in cell mass or ‘‘actual loss of isoniazid 
that had been bound.’’ It is possible that the 
bound isoniazid was actually lost due to the anti- 
isoniazid combining with the isoniazid to form a 
compound which would not be bound by the cell. 
In this connection, Barclay and his associates 
also tested three C'*-labeled compounds which 
resembled isoniazid in their chemical structure, 


BarcLay, W. R., et al.: Am. Rev. Tuberc., 
1954, 70, 784. 


and found very little of these compounds bound 
by the cells. 

The unclassified mycobacteria produced as 
much anti-isoniazid as did the drug-susceptible 
human strains, although 2 of the unclassified 
mycobacteria were resistant to isoniazid. These 
resistant strains came from human patients, and 
resistant strains isolated from humans have been 
shown to produce more anti-isoniazid than do 
resistant strains produced in vitro. 

Both anti-isoniazid, which inactivates isoniazid 
and apparently is an enzyme,’ and penicillinase, 
the enzyme which inactivates penicillin, are 
produced in greater amounts by strains which 
become resistant in humans than those which 
become resistant in vitro.”-' In contrast to the 
findings with anti-isoniazid, however, penicillin- 
susceptible strains of staphylococci do not appear 
to produce penicillinase, while resistant strains 
do produce it.'*- Moreover, penicillinase has 
been shown to be an adaptive enzyme" which 
anti-isoniazid apparently is not. 

In summary: Culture filtrates of 10 isoniazid- 
resistant strains, 6 unclassified strains, 15 recently 
isolated human drug-susceptible strains, the 
H37RaN strain, and the H37Rv strain were tested 
for the presence of ‘‘anti-isoniazid.’’ It was found 
that the unclassified and drug-susceptible strains 
produced a significantly larger amount of anti- 
isoniazid than did the resistant strains and the 
H37RaN strain. There was no relationship be- 
tween the production of anti-isoniazid and the 
catalase activity of the resistant strains, but 
more anti-isoniazid was produced by resistant 
strains isolated from humans than from strains 
which developed resistance in vitro or in the 
rabbit. The presence of isoniazid in the culture 
medium did not increase production of anti- 
isoniazid. 

ANNE 8. YOUMANS 
Guy P. YouMANs 

Department of Microbiology 

Northwestern University Medical School 

Chicago, Illinois 


January 27, 1960 
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Correspondence 


COMMUNITY TRIALS OF BCG VACCINATION 


To the Editor of The American Review of Respira- 
tory Diseases: 


In your journal of June, 1958, a paper on com- 
munity trials of BCG vaccination is presented 
(by C. E. Palmer, L. W. Shaw, and G. W. Com- 
stock). 

Here, far less effect of the vaccination is found 
than that which has been demonstrated in other 
parts of the world. Before the reasons for this 
discrepancy may be further evaluated, it would 
be valuable for the readers to have information 
on the following points: 

(1) How reliable were the vital statistics in 
Puerto Rico in the period in question, particu- 
larly regarding tuberculosis morbidity ? 

(2) What were the qualifications of the 
personnel and how was the technical equipment 
available in the 20 different tuberculosis centers 
in Puerto Rico, giving the basis for the figures 
in the paper? 

(3) What were the detailed criteria for the 
diagnosis of primary tuberculosis in the vac- 
cinated group in Puerto Rico (particularly 
with reference to the statement in the paper 
that the diagnosis of pulmonary tuberculosis 
is difficult in vaccinated individuals) ? 

(4) How would the removal of the 24 cases 
of primary tuberculosis from the 94 cases of 
tuberculous disease in the vaccinated group 
affect the total figures and the conclusions of 
the paper? Can a case be made for the inclusion 
of these 24 cases? 

(5) How many of the 23 cases of minimal 
tuberculosis among the vaccinated had the 
diagnosis verified by bacteriologic findings, 
et cetera, and not only indicated by the tubercu- 
lin reaction? What have the authors done to 
analyze critically the cases of minimal tuber- 
culosis in order to make the comparison between 
the groups valid? 

(6) Which precautions were taken in Puerto 
Rico to protect the vaccine from the effect of 
sunlight? If no precautions were taken, do the 
authors think that the use of sun-damaged 
vaccine may account for some of the poor results 
of the vaccination? 

(7) With the serious defect of the trial—no 
information about the tuberculin reaction 
shortly after the vaccination—how can the 
possibility be excluded that a large proportion 


of the vaccinated individuals had not obtained 


a positive reaction to tuberculin because of the 


vaccination, but only because of infection with 

virulent, human tubercle bacilli in the period 

(as is strongly indicated by comparison with 

the Muscogee-Russell figures) ? 

(8) Thus, how many of the observed cases of 
tuberculosis in the ‘‘vaccinated’’ group occurred 
in “improperly”’ vaccinated and how many in 
‘‘properly’’ vaccinated individuals? 

Answers to questions like the ones above will— 
to readers outside the United States anyhow—be 
important in allaying doubts as to the significance 
of this paper on community trials of BCG vaccina- 
tion. 


EILERT EILERTSEN 
Bergen Helserdd, Bergen, Norway. 


January 8, 1960. 


To the Editor of The American Review of Respira- 
tory Diseases: 


Throughout Dr. Eilertsen’s letter one senses a 
much greater concern for the precise evaluation 
of cases among the vaccinated group than for the 
validity of the comparisons between various 
components of the study population. Our empha- 
sis was exactly the opposite—without belittling 
precision, we thought that handling the entire 
study population in a similar fashion should be 
paramount. 

Questions (1) and (2) by Dr. Eilertsen may be 
answered together. Obviously, we believed that 
tuberculosis case reporting and diagnosis in Puerto 
Rico were adequate for our purpose. It is equally 
obvious that we did not consider either function 
perfectly precise and complete, but it is unlikely 
that perfection in these matters is achieved by 
any of usin any country. As we pointed out several 
times, the important issue seemed to be that of 
bias. Great pains were taken to ensure that the 
status of the individuals in the trials—reactors, 
controls, and vaccinees—could not influence the 
subsequent diagnosis of tuberculosis. Both the 
British and our trials indicated that BCG was 
about equally effective in preventing both severe 
and slight disease. Consequently, a few moments 
spent in reflection will show that the same relative 
risks for the three groups, and the same percentage 
reduction in tuberculosis attributable to vaccina- 
tion, will be found if any fraction of the total 
cases is reported, as long as that fraction is 
unbiased, i.e., the same for all three groups. 

Regarding questions (3), (4) and (5), the an- 
swers can be obtained simply by working out the 
rates from the published tables, omitting primary 
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and minimal cases. For instance, if only advanced 
pulmonary tuberculosis, miliary and meningeal 
tuberculosis, and bone and joint tuberculosis are 
cousidered suitable for analysis, the percentage 
reduction in tuberculosis among the vaccinated 
as compared with the controls is essentially 
unchanged, namely, 35 per cent for Puerto Rico 
and 33 per cent for Muscogee and Russell counties. 
This point was discussed in our publication. 

As for question (6), the vaccine was protected 
from sunlight throughout the Puerto Rico trial 
even though the deleterious effect of sunlight on 
BCG vaccine was not known until the summer of 
1951. Protection against sunlight was achieved 
indirectly as a result of attempts to protect the 
vaccine against heat. Tuberculin testing of vac- 
cinees six to thirteen months after vaccination 
showed that 93 per cent of them were then reactors 
to the 10 TU dose. 

Question (7) implies that the vaccinees in 
Puerto Rico experienced a high conversion rate 
attributable to infection with M. tuberculosis. 
In our paper we gave evidence that the infection 
rate following the trial did not appear to be high 
in Puerto Rico, although it was undoubtedly 
higher than in Muscogee and Russell counties. 
There is no reason to believe that the control 
group is dissimilar from the vaccinated group 
except for the fact of vaccination. Consequently, 
it seems reasonable to attribute most of the high 
conversion rate among vaccinees to vaccination, 
since their rate was so much higher than that 
- among controls tested at the same time. 


The answer to question (8) can also be obtained 
from an analysis of the published data. Approxi- 
mately 90 per cent of the vaccinees were reported 
to have converted to the 10 TU dose of PPD one 
to two years after vaccination (it was slightly 
higher at an earlier period). If one wishes to adopt 
the extreme view that the 10 per cent who did not 
react at that time were not only “improperly” 
vaccinated, but essentially unvaccinated, one 
would expect the control rate of developing 
tuberculosis to apply to them. Then the rate 
among the ‘‘properly’’ vaccinated would have 
been 25.5 per 100,000 per year instead of 29.8 as 
reported for the entire group of vaccinees. This 
is equivalent to a reduction in tuberculosis among 
the ‘‘properly’’ vaccinated of 41 per cent. 

Surely it should be clear that science is not 
served by a critical analysis of the cases from 
only one part of the study population, the vae- 
cinees. There can be no objection if someone 
wishes to disregard a particular category of cases 
as long as all the cases of that category are dis- 
regarded, and not merely those from one part of 
the population. It was the latter kind of ‘‘critical 
analysis’’—such as ‘‘the removal of the 24 cases 
of primary tuberculosis from the 94 (sic) cases of 
tuberculous disease in the vaccinated group’’ 
with no mention of removing them from the other 
study groups—that kept BCG vaccination in 
disrepute during its early years. 


GeorGE W. Comstock 
Washington, D. C. 


March 2, 1960 
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Books 


Recent TRENDS IN Curonic Broncuitis. Edited 
by Neville C. Oswald. Pp. 199, Oxford University 
Press, New York, 1958. Price, $7.50. 


Chronic bronchitis as a disease entity exists to a 
greater or lesser extent in many parts of the world, 
although its true prevalence is unknown. This 
ignorance is due to many factors which stem 
mainly from the very protracted course of the 
disease and from the difficulty in distinguishing 
its later stages from other diseases causing ob- 
struction of the airways and emphysema. The 
pressing problem is one of definition and, until 
this is settled, the natural history of the disease 
will remain a mystery, and misunderstandings 
existing between various centers actively inter- 
ested in the problem of chronic bronchitis will 
persist. 

Gaensler has recently shown, after reassessing 
more than 500 patients with diffuse obstructive 
emphysema in New England, that about two- 
thirds had productive cough for a considerable 
_ period before the onset of breathlessness. This 
large group of cases, therefore, fell within the 
definition of chronic bronchitis generally accepted 
in the United Kingdom where Fletcher, adopting 
an epidemiologic approach, has defined bronchitis 
as “that condition existing when a cough is ac- 
companied by the persistent expectoration of 
sputum at least once daily on most days at least 
three months in each year, when no other disease 
is present; complications giving rise to disability 
in the form of recurrent infection and breathless- 


ness are frequent.’’ In an early chapter in the book 


under review, breathlessness is included in the 
definition of the disease and, therefore, it is clear 
that the subject matter is primarily concerned 
with the condition after it has become well estab- 
lished. Epidemiology and causation have not been 
the chief concern of the writers. 

This book brings together the experience of 
several workers interested in different aspects of 
the condition under the editorship of Dr. Neville 
Oswald from the Brompton Hospital in London. 
Here, as in the rest of the United Kingdom, the 
incidence of chronic bronchitis is very high and 
causes a considefable morbidity and fatality. In 
this book the reader will find considerable infor- 
mation about the established disease and its 
complications, with notable contributions on 
the pathology, roentgenography, bacteriology, 
physiology, and management (including that in 
general practice). Each chapter contains many 
pertinent references. 
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This work should prove very valuable to both 
general physicians and chest specialists who do 
not have a clear appreciation of the disease. The 
knowledge gained should prove a stimulus to re- 
search into the cause and prevention of a disease 
in which treatment has so little effect. 


JOHN BATTEN 
St. George’s Hospital 
London, England 


ADVANCES IN TUBERCULOSIS RESEARCH, Volume 
IX. Edited by Hans Birkhauser, Hubert Bloch, 
and G. Canetti. Pp. 343, 8S. Karger, Basel, Switzer- 
land (available through Albert J. Phiebig, White 


Plains, New York), 1958. Price, $19.20. 


This volume maintains the high standard of its 
predecessors. There are seven papers on widely 
different aspects of tuberculosis contributed by 
experts from America, Canada, France, Germany, 
Japan, Russia, and Sweden. 

Tuberculosis in Our Time (in English). E. R. 
Long, U. 8S. A.: A review is given of the factors 
which have resulted in the decline of tuberculosis 
in the United States over the last seventy years. 
Forecasting the future, based on the latest death 
rates in cohorts, it is estimated that 12,000 deaths 
from tuberculosis may occur in 1977 in the United 
States, with 44,000 new active cases and 33 million 
tuberculin reactors. These are no mean figures and 
indicate the need for continuing an efficient or- 
ganization for tuberculosis control, which at 
present costs 725 million dollars a year. 

The Pathogenesis of Tuberculosis Cavities (in 
English). Y. Yamamura, Japan: An experimental 
method is described for the production and study 
of tuberculous cavities in rabbits. Tuberculous 
allergy plays an important role in cavity forma- 
tion; the sensitizing component is a phospholipid 
derived from tubercle bacilli. Desensitization 
prevents cavity formation. 

Patho-Histological Changesin the Nervous System 
in Various Forms of Tuberculosis in Man (in 
English). V. I. Puski and D. A. Uvarova, U.S. 8. 
R.: A systematic study was made of the central 
nervous system in 70 patients dying from tubercu- 
losis. Most of the lesions occurred in hema- 
togenous forms of tuberculosis, resulting in 
pronounced proliferative changes in the ob- 
literated blood vessels and glia. These changes 
were most marked in the region of the hypotha- 
lamic nuclei and in the oblongata. In the cerebro- 
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spinal cord, the nerve cells of the lateral columns 
were mainly affected. 

Lymphogranulomatosis Benigna (Morbus Boeck- 
Schaumann) and Atypical Tuberculosis (Ziegler), 
A Study of their Relationship (in English). L. 
Zettergren: This study was undertaken to deter- 
mine the relationship between sarcoidosis (lym- 
phogranulomatosis benigna) and_ tuberculosis, 
including Ziegler’s atypical chronic hyperplastic 
form of tuberculosis. This stimulating investiga- 
tion was based on the study of a large number of 
lymph nodes showing tuberculoid lesions. The 
lymph nodes were divided into two series ac- 
cording to whether or not acid-fast bacilli were 
present in the sections. There were 59 nodes in 
which bacilli were found and which were repre- 
sentative of the Ziegler form of tuberculosis. In 
the other series, without bacilli (53 nodes), the 
clinical picture was consistent with lymphogranu- 
lomatosis benigna and differed clinically from the 
Ziegler form of disease. Histopathologically, 
however, the two series were alike. The author 
concludes, therefore, that lymphogranulomatosis 
benigna is a tuberculous disease and that the 
Ziegler form of tuberculosis is a transitional form 
between it and classical tuberculosis. 

Experimental Murine Tuberculosis for Screening 
Antituberculous Compounds (in German). W. H. 
Wagner, Germany: A very detailed review is given 
of the world literature on experimental tubercu- 
losis in the mouse, covering both the pathology 
of the disease and the use of murine tuberculosis 
for assessing antituberculous agents. The various 
methods used are critically analyzed. The author, 
quite rightly, points out that murine tuberculosis 
is essentially different from tuberculosis in the 
guinea pig and in man. 


Enzyme Deficiencies in  Isoniazid-resistant 


Tubercle Bacilli (in French). B. Kreis, France: 
The author combines a lucid review of the exten- 


sive and controversial literature, with a report of 
original investigations on the subject. Isoniazid- 
resistant tubercle bacilli are deficient in two of the 
iron porphyrin respiratory enzymes, namely, 
catalase and peroxidase and, frequently, also 
urease. The author suggests that isoniazid exerts 
its action by breaking an enzymatic chain reac- 
tion, perhaps at the stage of peroxidase, since 
isoniazid-resistant bacilli are generally peroxidase 
deficient. The deficiencies in catalase and peroxi- 
dase are not proportionate, however, to the degree 
of resistance or to the virulence of the organisms. 

The Use of Radioactive Isotopes in the Study of 
Experimental Tuberculosis (in English). J. Stern- 
berg, Canada: This paper is of the greatest value 
because it presents concisely and critically the 
application of radioactive isotopes to the study 
of experimental tuberculosis; a complete list of 
references to both the basic principles and specific 
applications of radioisotope techniques are pro- 
vided. In vitro and in vivo studies with labeled 
myobacteria have been used to study both the 
metabolism of the bacilli and the effect of drugs on 
their metabolism. Jn vivo studies with labeled 
bacilli have provided quantitative information 
on the dispersion of the organisms in the host 
tissues and biochemical exchanges between the 
bacilli and the infected host. The mode of action 
of antituberculous drugs has also been studied by 
using labeled bacilli or labeled drugs, both in 
vitro and in vivo. Furthermore, the use of labeled 
drugs can be used to study more precisely the 
distribution of the drugs in both normal and in- 


fected animals. 


R. J. W. Rees 

National Institute for Medical 
Research 

London, England 
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American Trudeau Society 
Medical Section of the National Tuberculosis Association 


ABSTRACTS OF PAPERS PRESENTED AT THE ANNUAL MEETING OF THE 
AMERICAN TRUDEAU SOCIETY HELD IN CONJUNCTION WITH THE 
MEETINGS OF THE NATIONAL TUBERCULOSIS ASSOCIATION 
AND THE NATIONAL CONFERENCE OF TUBERCULOSIS 


WORKERS, MAY 15-20, 1960 


1A The Differentiation of Mycobacteria 


Changes in the Tuberculin Pattern in Medical 
Students between 1930 and 1960 


Davip T. and W. JOHNSTON, 
Durham, North Carolina 


The precipitous drop between 1930 and 1960 in 
the percentage of medical students reacting posi- 
tively to tuberculin is a reflection of equally 
dramatic changes in the socio-economic and tuber- 
culosis control patterns between 1920 and 1950. 

Between 1930 and 1940 approximately 60 per 
cent of the second-year medical students at Duke 
University gave positive tuberculin reactions to 
1:1,000 OT, and 20 per cent reacted to only 1:100 
OT. During the following years there was a pro- 
gressive reduction in the number reacting to only 
1:1,000 OT and a surprisingly steady increase in 
the number reacting to 1:100 OT. In 1956-1957, 
among 144 medical students, 35 (24 per cent) 
reacted positively to 1:1,000 OT, 54 (38 per cent) 
were positive to 1:100 OT, and 55 (38 per cent) 
were negative. Among 141 medical students tested 
in 1958-1959, 11 (8 per cent) were positive to 5 
TU PPD, 55 (39 per cent) reacted to 1:100 OT, and 
75 (53 per cent) were negative. 

In the 1958-1959 classes, 151 students were 
tested with 5 TU of a PPD made from the Battey 
atypical organism and 5 TU made from an avian 
tubercle bacillus. Of those tested, 38 (25 per cent) 
gave reactions of 6 mm. or more to the Battey 
tuberculin, and 30 (20 per cent) gave similar reac- 
tions to avian PPD. In 1959, 14 students failed to 
react to 1:100 OT or to 0.005 mg. of avian PPD. All 
were retested with 1:10 OT and found to be nega- 
tive. In contrast, 22 students were negative to 
1:100 OT but positive to 0.005 mg. of avian PPD. 
All were retested with 1:10 OT, and 9 were found 
to have from 6- to 30-mm. reactions, 4 had 3- to 
4-mm. reactions, and 10 gave zero reactions. Of 
the 55 students who took the entire series of tests, 
6 were positive to 5-TU PPD, 13 positive to 1:100 
OT, and 14 (25 per cent) reacted positively to 
0.005 mg. of avian PPD but failed to react to 1:10 
OT. Some evidence suggests that these students 
may have been infected with the avian tubercle 


bacillus. 


A Study of Reactions to Various Anonymous M yco- 
bacterial Antigens in Dallas County Orphans 
Haut J. Dewtett, L. Lerxowirz, R. FuLayrit, 
Lynn C. CHRISTIANSON, and JOHN S. 
CHapMAN, Dallas, Texas 

Five hundred and six children, ranging in age 
from one to twenty years, were given Mantoux 
tests with Old Tuberculin and with tuberculins 
from the three anonymous mycobacteria in a 
1: 1,000 dilution. 

Forty-four children had reactions of 10 mm. or 
more to one or more antigens. Forty-one (8.1 per 
cent) reacted to the photochromogen, 9 (1.8 per 
cent) to the scotochromogen, 8 (1.6 per cent) to 
OT, and 2 (0.4 per cent) to the nonchromogen. 

Those positive to the anonymous mycobacterial 
antigens were concentrated in the 7 to 14 age 
group. 

Results of the chest roentgenograms are avail- 
able for 40 of the 44 reactors. In none was there an 
active lesion, although abnormalities were present 
in 27. Twenty-five (62.5 per cent) had calcified 
primary lesions, and 2 (5 per cent) demonstrated 
other parenchymal residua. 

Twenty-three (92 per cent) of the 25 with calci- 
fied primary lesions reacted to the antigens de- 
rived from anonymous mycobacteria. Six (24 per 
cent) reacted to OT, and 11 (44 per cent) reacted 
to histoplasmin. 

The reactions to the photochromogenic antigen 
were fivefold greater than to a comparable concen- 
tration of OT. The paucity of reactors to the non- 
chromogenic antigen parallels the results obtained 
with these same antigens in adults. The infre- 
quency of cross reactions between OT and photo- 
chromogen antigen in these children is in contrast 
to the results of our studies in adults. Of particular 
significance was the finding of 11 children (44 
per cent) with calcified primary lesions who re- 
acted only to the antigens from anonymous 
mycobacteria. 

Epidemiologic Interpretation of Comparative 

Tuberculin Testing 


H. Mac Vanpiviere, M. R. VANDIVIERE, and 
H. 8. Wiuuis, Chapel Hill, North Carolina 

This is an epidemiologic study and interpreta- 

tion of tuberculin sensitivity patterns in several 
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separate and distinct populations. These include 
(1) tuberculous patients, (2) tuberculin-negative 
individuals who were subsequently vaccinated 
with the attenuated human variant R;, (3) tuber- 
culin-negative individuals subsequently vac- 
cinated with the attenuated bovine variant BCG, 
and (4) healthy individuals with naturally ac- 
quired tuberculin sensitivity. Approximately 2,000 
people were tested, and about 6,000 tests were 
made. 

Antigens tested were the international tuber- 
culin, PPD-S, purified tuberculoproteins (type A, 
type B, and type C) isolated from unheated cul- 
ture filtrate from a human strain of tubercle 
bacillus, and a bacillary protein. In each case all 
of the antigen used was from a single lot prepared 
by Dr. Florence Seibert, lyophilized in quantities 
needed for a survey, and requiring only the addi- 
tion of buffer solution immediately before use. 
Concentrations were 0.005 mg., 0.0001 mg., and 
0.00002 mg. per dose, the tuberculoprotein being 
administered on one arm and the corresponding 
dose of PPD-S on the opposite arm as a control in 
each case. In addition, tests were made comparing 
avian tuberculin, Battey PPD, and PPD-S. All 
reactions were measured after 48 hours as two 
diameters, and the thicknesses and volumes were 


calculated as the segment of a sphere. Uniform. 


techniques and procedures were enforced through- 
out the study. 

Cross-reactions or nonspecific reactions are 
known to occur frequently among populations 
tested with tuberculins in general use, especially 
among those subjects exhibiting low-grade sensi- 
tivity. The best tuberculin in use, even though 
markedly free from impurities, has been found to 
be a mixture of proteins. These have been isolated 
and tested to determine if a single tuberculopro- 
tein exists that can detect true reactors with 
greater specificity and/or sensitivity than the 
mixed antigens now in use. 

Histograms have been prepared that show 
frequency distributions of sizes of reactions to 
each type of antigen at each concentration tested 
in tuberculous patients, in R,-vaccinated, in BCG- 
vaccinated, and in naturally sensitized healthy 
subjects. 

Correlations of sizes of reactions to each concen- 
tration of PPD-S tested with each of the other 
antigens tested for the various populations have 
been prepared. 

The data have been carefully analyzed statisti- 
cally. Interesting epidemiologic interpretations 
have resulted. 


Outstanding is the dominance of PPD-S reac- | 


tions in those of low hypersensitivity compared 
with the dominance of protein type B reactions in 
those of high sensitivity. 


Antigenic Response to Mycobacterial Infection 


CarRoLL E. Pautmer, Lypia B. Epwarps, 
Washington, D. C., Lewis F. Arrrontt, 
Chamblee, Georgia, Lourss Hopwoop 
and Q. Epwarps, 
Washington, D. C. 


Epidemiologic studies of natural sources of 
tuberculin cross reactions and techniques for 
identifying cross reactions are supplemented by 
studies of guinea pigs inoculated with atypical 
mycobacteria isolated from human patients and 
tested simultaneously with PPD tuberculin from 
human tubercle bacilli and PPD antigens prepared 
from the inoculated strains. Doses of the antigens 
were adjusted to contain equivalent amounts of 
protein nitrogen. 

Most strains produced transient local lesions, 
but none caused progressive systemic disease. 
Sensitivity to the homologous antigen (prepared 
from the inoculated strain) developed in nearly 
every animal; the average size as well as the dis- 
tributions of reactions for each group were strik- 
ingly alike. Reactions to heterologous antigens 
varied widely in frequency. 

Because the reaction was generally larger to the 
homologous than to the heterologous antigens, the 
source of sensitivity could be correctly identified 
in a high proportion of individual animals, pro- 
vided the homologous antigen for each group was 
included as one of the test antigens. Accuracy of 
identification decreased, however, as animals sen- 
sitized by organisms not represented among the 
test antigens were added to the study population. 


Intracellular Growth of Tubercle Bacilli and Other 
Mycobacteria in the J-111 Cell Line of 
Leukemic Monocytes 


Epwin A. Brosse, I. and C. 
Ricuarp Smita, Long Beach, California 


J-111 cells were cultured on coverslips in 
Leighton tubes, employing Eagle’s basal medium 
supplemented with serum from various sources. 
The vigorously growing cells showed ameboid ac- 
tivity and readily phagocytized mycobacteria 
when the medium contained horse or lamb serum. 

Twelve strains of Mycobacterium tuberculosis, 
isolated from 6 patients before and during chemo- 
therapy, grew within the cytoplasm at approxi- 
mately the same rate. Five of the chemotherapy 
strains had impaired virulence for guinea pigs. All 
strains appeared to form strong cores. 

Two BCG strains and the H37Ra strain of M. 
tuberculosis grew at a much slower rate and did 
not form true cords. 

Two strains of Group I photochromogenic 
mycobacteria grew intracellularly at a rate closer 
to that of M. tuberculosis. The bacilli were en- 
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larged, especially elongated, and displayed char- 
acteristic transverse barring. Although there was 
an inconstant tendency to parallel alignment, this 
may have been due to limitations of the intra- 
cellular space. 

Two strains of Group IIT nonphotochromogenic 
mycobacteria grew at a faster rate and showed 
evidence of branching. 

Qur observations were similar to those reported 
by Shepard on the behavior of various mycobac- 
teria in HeLa cells. 


1B Emphysema 


The Elastin and Collagen Content of Normal-and 
Emphysematous Human Lungs 


GeorGeE W. Wricut, JEROME KLEINERMAN, and 
Euinor M. Zorn, Cleveland, Ohio 


Alteration of the elastic properties of the lung 
in diffuse obstructive emphysema has been ob- 
served, and alteration of the elastic tissue has 
been offered in explanation. The purpose of this 
study was to determine elastin and collagen con- 
tent of normal human lungs of various ages and 
compare these data with those from lungs of per- 
sons with diffuse obstructive emphysema. Lungs 
were washed free of blood, freeze-dried, and lipid- 
extracted. Collagen was removed from the dry 
fat-free lung by repeated autoclaving until the 
aqueous extract was biuret negative. The remain- 
ing substance was the elastin residue. Hydroxy- 
proline and hexosamine analyses were performed 
on hydrolysates of the elastin residue and dry 
fat-free lung. From these data, elastin) and 
collagen contents were determined. 

Twenty-two aormal and seven diseased lungs 
were studied. The diseased lungs were from per- 
sons clinically, roentgenographically, and physio- 
logically defined as having diffuse obstructive 
emphysema. No consistent variation in elastin 
content was noted between right and left lungs or 
between upper and lower lobar divisions of normal 
lungs. There was a significant increase in elastin 
content of lungs of older normal persons 
(r = 0.588). Collagen content and total fibrous 
protein showed no distinct alteration with age. 
Seven emphysematous lungs were no different in 
elastin and collagen content than normal lungs 
in persons of similar age. There was a decrease in 
the hexosamine content of the elastin fraction 
with advancing age, and the emphysematous 
specimens did not vary from the normal pattern. 


Our data indicate that elastin expressed as a per-— 


centage of dry fat-free lung weight increases with 
age. The elastin content of lungs physiologically 
defined as having diffuse obstructive emphysema 
was no different from the elastin content of normal 
lungs from persons of similar ages. This would 
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suggest that diffuse obstructive emphysema is not 
‘aused by a specific elastin-destroying process. 


Prognostic Factors in Pulmonary Emphysema 
GEORGE Bower, Denver, Colorado 


One lesion of emphysema is destructive of 
capillary-containing alveolar walls, whieh con- 
tributes to impaired gas exchange and cor pul- 
monale. 

Fifty emphysematous subjects were followed for 
as long as two and a half years. All had moderate 
or severe disease judged by ventilatory impair- 
ment and increase in residual volume/total lung 
‘capacity (RV/TLC). Arterial blood gas and dif- 
fusing capacity (Deo) determinations were made 
during rest and exercise. 

The 10 subjects who died during follow-up 
differed little from the survivors with respect to 
ventilatory function. Mean RV/TLC was some- 
what higher, hypoxemia and hypercapnia were 
more pronounced, and mean percentage of CO 
extracted from that presented and exercise Deo 
were significantly lower in those who died. Weight 
loss, polycythemia, and/or heart failure were 
common in the 10. The lungs of 7 who died were 
examined; all showed emphysema. 

Half of the 50 subjects extracted less than 22 
per cent of the CO presented. Nearly all deaths 
were in this group; hospitalizations and inability 
to work were far more common among them. 

Impaired ability to extract CO did not parallel 
that of ventilation, suggesting that the former 
may be a better guide in estimating the severity 
of emphysema. 


The Incidence of Obstructive Emphysema in Patients 
with Tuberculosis 


W. Y. and C. J. Martin, 
Seattle, Washington 


All admissions to Firland Sanatorium over a 
one-year period were examined for the diffuse ob- 
structive pulmonary syndrome (emphysema of the 
generalized obstructive type) by measuring maxi- 
mal expiratory flow (MEF) rates. All were 
carefully questioned regarding symptoms, history 
of respiratory ‘disease, occupational exposure to 
possible respiratory irritants, use of tobacco, 
coexistence of other diseases, et cetera. Patients 
found to have low expiratory flow rates were 
further tested by other ventilatory measurements. 
Arterial blood gases and pH were measured when 
airway obstruction was severe. 

In more than 700 consecutive routine admis- 
sions (readmissions and children excluded) during 
this period one-third (34 per cent) were found to 
have diffuse obstructive pulmonary disease. Of 
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those with obstructive disease, 46 per cent were 
asymptomatic, 29 per cent were moderately ob- 
structed, and 25 per cent were severely obstructed, 
often with hypoxia and hypercarbia. 

There was a striking correlation of the diffuse 
obstructive pulmonary syndrome with age, the 
incidence of the former being negligible before 30 
years, but present in more than 50 per cent of 
those older than 50 years. 

A similar relationship existed between the 
severity of pulmonary tuberculosis and the degree 
and incidence of obstruction. Of the patients with 
far advanced pulmonary tuberculosis, 57 per cent 
had obstructive disease; the mean maximal ex- 
piratory flow rate of this group was 214 L/min. 
In those with minimal tuberculosis, the mean 
MEF was 295 L/min., and the incidence of ob- 
structive emphysema was 22 per cent. This 
relationship appears to be exclusive of age and 
gives rise to speculation as to its nature. Is one 
condition a cause and the other an effect? 

Smoking, which has been found by others to be 
so closely related to the diffuse obstructive pul- 
monary syndrome, bore no such relationship in 
this group of tuberculous patients. No correlation 
between duration of smoking or amount smoked 
and degree of obstruction could be demonstrated. 
Many other factors (occupation, sputum, cough 
severity, disease of certain organ systems, fre- 
quent “pneumonia,” et cetera) were found to have 
a relationship to emphysema. 


The Incidence of Diffuse Airway Obstruction in an 
Industrial Population 


GEOFFREY L. BRINKMAN and E. OsBORNE CoaTEs, 
Jr., Detroit, Michigan, and Duane L. 
Biock and H. J. VAN VALZAN, 
Dearborn, Michigan 


The vital capacity, first- and third-second vital 
capacity, and maximal midexpiratory flow were 
determined in 1,341 men aged 40-65. These men 
were working full-time in one of the following oc- 
cupational groups: no industrial exposure, in- 
dustrial but no silica exposure, silica exposure 
but no X-ray evidence of silicosis, and silica ex- 
posure and X-ray evidence of silicosis. 

Normal values for the above spirographic 
parameters are established, and comparison made 
between values obtained by two spirometers in 
common use. The adverse influence of increasing 
age, occupation, dust exposure, silicosis, smoking, 
and bronchitis on the spirogram has been demon- 
strated and the incidence of diffuse airway ob- 
struction in the male population estimated. 

“vidence shows that an ideal survey technique 
for determining diffuse airway obstruction has 
yet to be developed. 


Comparison of Lung Function Tests Based on 
Maximal Expiratory Effort 


Joun R. Goupsmitu, Berkeley, California 


In a number of epidemiologic studies, the pul- 
monary function of various populations was as- 
sessed. A variety of physiologic tests were used, 
including vital capacity, forced expiratory volume 
and measurements derived from the curve, 
indicating maximal expiratory flow using a 
laminar flow resistor (pneumometer), and indicat- 
ing maximal expiratory flow using a vane anemom- 
eter (Wright peak flow meter). 

Comparison of the various tests for epidemi- 
ologic and screening studies was the major con- 
sideration. The following are the criteria used: 
simplicity of performance for the technician and 
subject, variability with repeated determinations, 
relationship between pulmonary function tests 
and concomitant physical characteristics (age, 
height, et cetera), influence of pulmonary condi- 
tions on pulmonary function tests, influence of 
smoking and air pullutants on pulmonary function 
tests, and suitability for population screening 
studies. 

The indicating maximal expiratory flow tests 
are simplest to use. The laminar flow resistor, used 
in thousands of tests, proved to be rugged and 
easily cleaned. The vane anemometer is not as 
simple or as readily cleaned but it has the ad- 
vantage of retaining its maximal reading. 

The forced expiratory volume in one second 
and both indicating maximal expiratory flow tests 
appear suitable for screening purposes. 


A Feasible and Accurate Method for Mass 
Pulmonary Function Screening 


Bricitre B. Nanumias, Ross L. McLean, and 
A. GRIGG CHURCHWELL, Atlanta, Georgia 


In 1959, a survey was made of the respiratory 
system abnormalities of 344 working adults in a 
rural Georgia community. This group, consti- 
tuting the control population of an industrial 
study, included 308 men and 37 women of various 
occupations and ranging in age from 18 to 67 
years (mean: 40). This survey included respiratory 
system history and physical examination, chest 
X-rays, skin tests, and specific spirometric studies. 
To our knowledge this is the first time a Stead- 
Wells spirometer was used in a community survey. 
Utilizing the reduced resistance, lessened dead 
space, and the fast drum speed of this instrument, 
we obtained permanent records of: vital capacity 
and expiratory flow rate. 

Of the 344 subjects, 200 were considered to have 
no respiratory abnormality by X-ray, history, or 
physical examination. These constitute our ‘‘nor- 
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mal’? population. The remaining 144 subjects 
constitute our ‘“‘abnormal’’ population. Vital 
capacity and maximal mid-third expiratory flow 
rate values have been prepared for both groups 
by age, sex, race, and occupation. Particular 
interest was placed upon the maximal mid-third 
expiratory flow rate (MM 13 EFR). The value 
and characteristics of this previously unreported 


measurement and normal and abnormal pul- 
monary function tests have been studied in rela- 
tion to smoking, X-ray abnormalities, and 


pulmonary symptoms. 
In summary, we present an accurate, feasible 


method for mass pulmonary function screening; 
normal values for an adult working population of 
vital capacity and the maximal mid-third ex- 
piratory flow rate; and salient correlations of vital 
capacity and MM !4 EFR to respiratory symp- 
toms, habits, and X-ray findings. 


2A Clinical Chemotherapy 


A Double-blind Trial of Prednisolone in_ the 
Treatment of Pulmonary Tuberculosis 


Surrey H. Fereser, Washington, D. C. 


This paper is based on the experience of more 
than 1,800 patients in 25 hospitals observed for 32 
weeks in a double-blind trial of prednisolone in 
five- and nine-week courses and matching courses 
of placebo. Chemotherapy was randomly assigned, 
each patient reeeiving either 32 weeks of isoniazid 
plus PAS or 12 weeks of daily streptomycin plus 
pyrazinamide followed by 20 weeks of isoniazid 
plus PAS. 

Preliminary observations after 12 weeks indi- 
cate that both five- and nine-week courses of 
steroid accelerated X-ray clearing. Patients re- 
ceiving a five-week course of prednisolone became 
sputum negative at the same rate as those receiv- 
ing placebo, but those receiving an eight-week 
course’ of prednisolone did less’ well bac- 
teriologically. 

By the time of the annual meeting, all patients 
will have completed their 32-week course of treat- 
ment under the protocol, and final results of the 
study will be available. 


Chemotherapy of Pulmonary Photochromogenic 
Mycobacterial Infections in Man 


Lynn C. CuristTianson, L. and 
Hat J. Dallas, Texas 


The photochromogenic mycobacteria are less 
susceptible than M. tuberculosis to the usual anti- 
tuberculosis drugs both in vitro and in animals. A 
high percentage of initial drug resistance has also 
been observed in previously untreated patients 
with photochromogenic infections. These observa- 
tions warranted a careful re-evaluation of the 


AMERICAN TRUDEAU SOCIETY 


currently used chemotherapy in pulmonary photo- 
chromogenic disease. 

Twenty patients with photochromogenic disease 
of the lungs have been treated with various com- 
binations of the antituberculosis drugs. Results 
of therapy were assessed on the basis of sputum 
conversion, rate of cavity closure, other roent- 
genographic changes, and clinical course. Nine 
of the patients had surgical resections of residual 
lesions in addition to drug therapy, and tissue 
pathology and bacteriology were included in the 
results. Duration of observations ranged from 10 
to 55 months, only 3 patients being followed for 
less than 12 months. 

Observations thus far indicate: sputum con- 
version with and without chemotherapy, lack of 
correlation of sputum conversion with roentgeno- 
graphic changes and/or tissue negativity, and 
progression of disease in 2 patients while under 
continuous drug therapy. 


The Treatment of Tuberculosis of the Spine in 
Adults without Surgical Spine Fusion 


BaRRY FRIEDMAN, Cleveland, Ohio 


Ten years ago a patient with tuberculosis of 
the spine refused an operation for fusion. She 
went on to heal her spinal lesion with bed rest and 
antituberculosis drugs alone. 

Stimulated by this case, the author has now 
treated more than 60 patients without surgical 
fusion. The plan of treatment has been bed rest 
without casts or traction, antituberculosis drugs 
for prolonged periods, and ambulation with back 
braces after X-rays have shown no progression of 
disease. 

The only surgical procedures carried out on 
these patients have been evacuation of large 
abscesses in some individuals and decompression 
laminectomies for paraplegia. 

This represents a major departure from the 
classical treatment of spinal tuberculosis in adults, 
in which surgical fusion of the diseased segment 
has been considered an important feature. 

The following conclusions have been drawn from 
this study: | 

Of 52 adults with tuberculosis of the spine fol- 
lowed for two years or more from the start of 
treatment, the spinal lesion has healed or has 
been controlled in every instance but one. Six 
patients in this series have died; in only one 
instance, however, could death be attributed to 
spinal disease, and in this case it was an operative 
cardiac arrest during costotransversectomy. An 
additional 10 patients with typical clinical and 
X-ray findings of tuberculosis of the spine but 
without bacteriologic proof have also been treated 
and have responded identically. 

A variety of intervertebral bony bridges formed 
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spontaneously in many instances, giving good 
stability to the spine. Sinuses dried up and, in all 
but one case, remained closed. Abscesses not sur- 
gically drained have been absorbed or have become 
calcified. 

Of 8 patients with paraplegia all but 2 have re- 
gained good function of their paralyzed ex- 
tremities. 

As might be expected, the response of the spinal 
disease in these individuals paralleled the response 
of their pulmonary disease when present. 

The most important feature of treatment is the 
prolonged use of antituberculosis drugs. 


The Management of Patients Excreting Typical 
Mycobacterium Tuberculosis Resistant to 
Both Streptomycin and Isoniazid 


IRVING Kass, JAAKKO HAAPANEN, and WILLIAM F., 
Jr., Denver, Colorado 


Between April, 1958, and May, 1959, a group of 
54 patients excreting typical Mycobacterium tuber- 
culosis resistant to streptomycin and isoniazid, 
who presumably had never received any of the 
secondary drugs (pyrazinamide, cycloserine, or 
kanamycin), were treated by random selection in 
an experimental program at National Jewish 
Hospital at Denver. Patients in treatment Group 
A received kanamycin, pyrazinamide, and cyclo- 
serine. Those in Group B received pyrazinamide 
and cycloserine. In addition, all received isoniazid 
and pyridoxine. 

The dosage of pyrazinamide was 1.5 gm. daily, 
given in divided doses. The dosage of cycloserine 
was 0.5 gm. daily, given in divided doses. Between 
4 and 5 gm. of kanamycin a week were given for a 
period no longer than five months. 

The number of bacteriologic conversions ob- 
tained with medical treatment alone, plus the 
conversions that occurred in association with 
resections, occurred in 35 (65 per cent) of the 54 
patients treated. 

Nothing is to be gained by using the secondary 
drugs in piece-meal fashion; rather, therapy in- 
volving these drugs must be fashioned after the 
generally successful initial treatment program, 
in which combined and adequate therapy is the 
rule rather than the exception. 


Effect of Withdrawal of Isoniazid in Chronic, Stable, 
Treatment-Failure Cases with Drug-resistant 
Tubercle Bacilli 


EMANUEL WoLInsky and VisHwa N. Kapur, 
Cleveland, Ohio 


Does it serve a useful purpose to continue the 
administration of isoniazid in the face of in vitro 
drug resistance and persistent failure to improve? 
A study was designed to answer this question. 
Thirty patients who had long-standing open 


pulmonary tuberculosis that had failed to respond 
to all therapeutic measures and who had relatively 
stable disease for the preceding year were selected. 
All medication was continued exactly as before 
except that similar-appearing placebo tablets were 
substituted for the isoniazid. Sputum cultures 
were obtained every month for isoniazid suscepti- 
bility and catalase activity. The study was con- 
tinued for eight months or until a definite increase 
of disease occurred. 

Of the 30 patients, 10 (one-third) showed un- 
questionable increases of disease within one to 
seven months. Seventeen patients exhibited no 


_ change clinically or by roentgenogram. There were 


3 instances of disease increases which, in retro- 
spect, had probably begun prior to the study. 
There was no significant difference in the per- 
centage of worsening between the group of 21 
patients whose bacilli were catalase negative prior 
to the study and the group of nine patients whose 
bacilli were catalase positive. In a few instances, 
increased catalase activity could be demonstrated 
in the serial cultures from patients whose bacilli 
were catalase negative previously. 

It is concluded that the continued administra- 
tion of isoniazid to the hopeless treatment-failure 
patient is warranted. 


Streptomycin 0.6 Gm. Daily with Isoniazid and 
Para-Aminosalyclic Acid Used as a 
Re-treatment Regimen in Pulmo- 
nary Tuberculosis 


WILLIAM 8S. Scuwartz and R. E. Moyer, 
Oteen, North Carolina 


Beginning in April, 1958, the general use of a 
regimen consisting of 0.5 gm. of streptomycin, 
300 mg. of isoniazid, and 12 gm. of PAS daily was 
begun in patients suffering from pulmonary tuber- 
culosis who were in need of re-treatment. Indica- 
tions usually consisted of failure to do well on a 
two-drug regimen or lack of information concern- 
ing drug susceptibility of tubercle bacilli in pa- 
tients readmitted to the hospital. The regimen was 
begun in 212 cases; 151 patients have completed 
at least three months’ treatment, 90 six months, 
and a few more than 12 months up to the present 
time. 

Usual streptomycin toxicity was conspicuous 
by its absence; vertigo occurred in only 3 cases. 
Twenty-nine per cent of the patients were over 50 
years of age and 15 per cent were over 60. The 
regimen was changed in 9 cases because of an 
increase of disease or lack of improvement. Other 


-losses were due mainly to discharge of patients 


from the hospital. There were two deaths due to 
tuberculosis. 
Patients with infectious sputum before treat- 


ment were divided into the eight groups possible, 
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according to the presence of organisms susceptible 
or resistant to streptomycin, isoniazid, and PAS. 
Resistance was defined for streptomycin and PAS 
as growth equal to the control in 10 y per milliliter 
or any growth in 100 7 per milliliter. Correspond- 
ing levels for isoniazid were | and 5 y per milliliter. 
When all cases were considered, the conversion 
rate was fair. When subdivided into groups, the 
conversion was excellent, with susceptibility to 
all drugs as might have been expected. It was fair 
when susceptibility to both streptomycin and 
PAS was present, poor with susceptibility only to 
streptomycin or PAS, and essentially nonexistent 
with resistance to all three drugs. Three other 
groups were too small for comment. 

Cavities were present in 136 cases before treat- 
ment, 24 of which closed. This occurred nine times 
among the patients with susceptibility to all 
three drugs, three times among those susceptible 
to streptomycin and PAS, twice among those 
susceptible only to PAS, and ten times among 
those who had negative cultures prior to 
treatment. 

Drug resistance rarely developed in infections 
initially susceptible to all three drugs. Resistance 
to one or two drugs developed commonly among 
those with susceptibility to two drugs, as well as 
when susceptibility to only one drug was present 
before treatment. 

In conclusion, this triple-drug regimen was well 
tolerated but would seem to be useful only if bac- 
terial susceptibility to at least two and preferably 
three drugs was present. 


A Comparison of High-Dosage (16 Mg./Kqg./Day) 
Isoniazid plus PAS and Low-Dosage (300 
Mg./ Day) Isoniazid plus PAS in the 
Treatment of Cavitary Pulmonary 
Tuberculosis—Report of Vet- 
erans Administration— 

Armed Forces 
Study 19 


H. Witii1am Harris, Salt Lake City, Utah, James 
A. Wier, Denver, Colorado, and Patrick 
B. Srorey, Baltimore, Maryland 


This study was designed (1) to compare the 
results in cases of cavitary pulmonary tuberculosis 
treated with high doses of isoniazid and PAS and 
those in cases treated with a lower dose of isoniazid 
and PAS, and (2) to investigate the possibility of 
a relationship between serum levels of biologically 
active isoniazid and the results of therapy with 
these regimens. Fifty-eight Veterans Administra- 
tion and Armed Forces study unit hospitals par- 
ticipated in the study. 

Previously untreated patients with bacteri- 
ologically proved, cavitary pulmonary tuber- 
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culosis were randomized between two therapeutic 
regimens. The high-dose regimen consisted of 
isoniazid, 16 mg. per kg. of body weight, given in 
three equally subdivided doses daily with PAS, 12 
gm. daily, and pyridoxine. The low-dose regimen 
consisted of 300 mg. of isoniazid (100 mg. three 
times daily), and 12 gm. of PAS daily. The as- 
signed regimen was continued for six months. 
Analysis of background factors (age, race, sex, 
trend of disease, extent of pulmonary involve- 
ment, number of cavities, and cavity size) 
indicated that the two groups were comparable. 
As of February, 1960, 314 patients were treated 
with the high-dose regimen and 326 patients with 
the low-dose regimen. The percentage of patients 
showing marked or moderate improvement, no 
change, and worsening of chest X-rays was almost 
identical in the two groups. The rates of bacteri- 
ologic conversion, cavity closure, and ‘“‘target- 
point’? were slightly greater in the high-dose 
regimen, although the differences were not statis- 
tically significant. There was no. significant 
difference between regimens in the incidence of 
bacteriologic relapse, in the emergence of 
isoniazid-resistant strains, or in the persistence 
of isoniazid-susceptible strains. Toxicity to 
isoniazid occurred more often in patients given 
high doses of the drug. 


An Evaluation of Chemotherapy in Pulmonary 
Tuberculosis—High Doses of Isoniazid plus PAS 
versus Low Doses of Isoniazid plus PAS 


STEPHEN J. BeERTE and WILLIAM G. DUNNINGTON, 
Phoenixville, Pennsylvania 

High doses of isoniazid plus PAS were given to 
113 patients, and 76 currently tabulated patients 
received conventional doses of isoniazid plus 
PAS. After five to six months of treatment, 99 and 
98.5 per cent of the patients had negative cultures, 
and cavities closed in 54.8 and 52.7 per cent of 
those in the high and low isoniazid treatment 
groups, respectively. Single- and multiple-cavity 
closure rates in the high versus the low isoniazid 
group were 63 versus 61.5 per cent, and 42.8 versus 
44.8 per cent. Moderate to marked X-ray improve- 
ment occurred in 84.6 to 86.2 per cent of all cases. 
In summary, high-dosage isoniazid plus PAS did 
not appear superior to low-dosage isoniazid plus 
PAS in treating moderately and far advanced pul- 
monary tuberculosis. 


2B Pulmonary Physiology 
Hemodynamics of the Pulmonary Microcirculation 


Joun W. Irwin, WALTER S. BuRRAGE, and 

Francis L. WEILLE, Boston, Massachusetts 

A capacitance electromanometer was modified 
by placing the transducer at the end of a coaxial 
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cable. The transducer, plastic adapter, and micro- 
quartz cannula were combined into a unit that 


would fit onto a micromanipulator. The tip of the — 


microcannula had a minimal diameter of 25 micra, 
and the microtip did not exceed 100 micra in 
length. The plastic adapter and microcannula 
were filled with a mixture of degassed Ringer’s 
solution and heparin. Careful attention was paid 
to exclude air bubbles. The lung of a living anes- 
thetized rabbit was exposed, and the microcircula- 
tion was observed with the aid of microscopes and 
transillumination. Then the tips of the micro- 
cannulae were inserted into pulmonary arterioles 
down to diameters of 50 micra, into pulmonary 
venules with diameters as small as 50 micra, into 
pulmonary arteries, and into the right ventricle 
of the heart. Dynamic pressuregrams were ob- 
tained. On occasion, simultaneous pressuregrams 
were obtained from the right ventricle and pul- 
monary arteriole or the pulmonary arteriole and 
pulmonary artery. 

Pressuregrams obtained did vary in configura- 
tion, but there was no marked drop in systolic or 
diastolic pressure from the right ventricle to pul- 
monary arterioles of 50 micra. There appeared to 
be a more marked drop in pressure between pul- 
monary arterioles of 50 micra and pulmonary 
venules of 50 micra. 


The Effect of Bronchospasm on Pulmonary Airway 
(Tracheal, Bronchial, and Postbronchial) 
and Circulatory Pressures—An 
Experimental Study 
Watts R. Wess and LEeonarp W. FasBian, 
Jackson, Mississippi, Joser R. Smita, Wood, 
Wisconsin, and G. D. CAMPBELL 
and M. A. CarRngs, Jackson, 
| Mississippi 

This study uses two new techniques—one for 
producing bronchospasm experimentally and the 
other for measuring pressures distal to broncho- 
spasm. A mecholyl spray introduced intra- 
tracheally in dogs will produce severe broncho- 
spasm even to total ventilatory obstruction. 

Measurements of ‘‘alveolar’’ pressures by inter- 
ruption techniques are dependent upon pressure 
equilibrium between the alveoli and the airway, 
which may not occur in bronchospasm. By passing 
a small plastic catheter into the bronchiolar 
‘‘wedge’’ position, tracings are obtained that 
reflect the postbronchiolar pressures. 

In bronchospasm with spontaneous respiration, 
major airway pressures vary little, but tremendous 
swings occur in the pleural and postbronchiolar 
pressures. These are reflected in the circulation as 
measured by the pulmonary arterial wedge, pul- 
monary venous wedge, and pulmonary venous 
pressures. 
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With controlled respiration and bronchospasm, 
tracheal pressures follow the administered positive 
or negative pressure, but postbronchiolar and 
pleural pressures may show little or no change, 
demonstrating virtually complete obstruction in 
the small bronchioles. Pulmonary vascular dy- 
namics are less affected, as the capillaries are 
also protected from the airway pressures. 


Measurement of Gas Trapped in the Lung during 
Changing Airway Resistance 


FRANK W. LoveJoy, Jr., HERBERT CONSTANTINE, 


JosePH FLATLEY, LUCIEN DAUTREBANDE, and 
No.Lan L. KALTREIDER, Rochester, 
New York 


With the body plethysmograph to measure 
airway resistance and the volume of gas in the 
thorax, the helium-dilution method to measure 
the functional residual capacity, and the fast vital 
capacity tests, a study has been made of the 
effects of aerosols (either fine dust particles or 
carbachol) on respiration. Eleven normal subjects 
and 12 patients with chronic pulmonary disease 
were studied before and after the administration 
of constricting and dilating aerosols. 

Inhalation of fine dust particles or carbachol 
uniformly caused an increase in airway resistance, 
which was accompanied by a significant reduction 
of the vital capacity and the mid-expiratory flow 
rate. A significant increase in the difference be- 
tween the thoracic gas volume and the functional 
residual capacity was consistently demonstrated. 
Most of these effects occurred in normal subjects 
as well as in patients. Dilating aerosols always 
resulted in a return of all values to the control 
state, and the readministration of either dust or 
carbachol then usually failed to produce any 
change. 

Since the thoracic gas volume as measured by 
the body plethysmograph includes all air in the 
thorax whether or not in communication with the 
trachea, an increase in this volume over that of the 
functional residual capacity indicates that con- 
stricting aerosols caused ‘‘air trapping’’ in both 
normal subjects and patients with chronic lung 
disease. In 8 other patients in whom a marked 
change in the airway resistance was produced, no 
consistent change in arterial blood gases was 
observed. 


Application of Gas Chromatography to Deter- 
minations of Pulmonary Blood Flow and 
Diffusing Capacity 
W. Harotp Lawson, Jr., and Roperr L. 
JOHNSON, JR., Dallas, Texas 


Pulmonary capillary blood flow and diffusing 
capacity can be determined from changes in small 
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concentrations of respired carbon monoxide (CO) 
and acetylene (C,H.)—measured in respect to 
inert, insoluble sulfur hexafluoride (SF,.)—that 
have occurred during breath-holding. To analyze 
these gases in one sample, we adapted the 
Beckman GC-2 chromatograph. Oxygen, Neo, and 
CO, can also be analyzed. 

The unknown mixture passes in a helium stream 
through silica gel and molecular sieve adsorbents, 
where the gases are separated, and the separated 
components pass through a thermal conductivity 
cell that yields a recorded signal. Acetylene or 
CO, inactivates the molecular sieve; thus they 
are shunted past this material with a special valve. 

The relationship between area under the re- 
corded signal and concentration for each gas is 
linear. Sensitivity exceeds 0.01 per cent; CO and 
reproducibility is within | per cent. Total analysis 
time is 18 minutes. 


Ventilation-Perfusion Ratio Determination Using a 
Gas Partitioner 


H. G. Boren and F. L. Kracker, Houston, Texas 


Previous methods of ventilation-perfusion ratio 
measurements have been intricate or have re- 
quired expensive equipment. As each component 
of a respiratory gas mixture was analyzed inde- 
pendently by the gas partitioner, it was used to 
measure variation of expired gas-exchange ratio 
with a high degree of precision. A simple means 
was devised to obtain samples after 750 and 1,250 
ml. of expiration. Analysis of these samples with 
the partitioner allowed calculation of expired gas 
exchange and, thereby, an estimate of evenness 
of ventilation-perfusion ratios. All that was re- 
quired of the patient was a single expired breath. 
The complete determination was done in less than 
15 minutes. The addition of inert gas to the in- 
spired breath or inspiration of 100 per cent oxygen 
allowed a separate estimate of distribution of air. 
Uneven distribution of air was then compared 
with uneven distribution of ventilation-pertusion 
ratio. Differences between normal persons and 
those with various pulmonary diseases were well 
demonstrated. 


A Simple and Rapid Method of Determining 
Pulmonary Diffusing Capacity by the 
Carbon Monoxide Steady-State 


Method 


K. Sweany, Chicago, [linois, Joun 
T. SHarp, Hines, [linois, and 
GEORGE A. SAXTON, JR., 
Chicago, Illinois 


A simple, rapid, and accurate estimation of the 
alveolar carbon dioxide tension by a “rebreath 
technique’’ has been applied to the steady-state 
measurement of the carbon monoxide diffusing 
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capacity. During rebreathing of the appropriate 
CO, mixture, alveolar and mixed venous arterial 
pressure of the carbon dioxide (pCO) attain 
equilibrium. The arterial pCO, can be estimated 
by subtracting 6 mm. Hg., the average normal 
arteriovenous (A-V) difference in pCO,. Forty 
serial measurements of the Dco by this method 
over a two-year period in one normal subject and 
in 4 patients with stable diffusion defects have 
demonstrated a maximal difference of 2.3 
ml./min./mm. Hg. on consecutive evaluations. 

In patients with both reduced cardiac output 
and impaired ventilation, the A-V difference in 
pCO, was greater than 6 mm. Hg. An accurate 
estimate of arterial pCO. by this method cannot 
be obtained in these cases. , 

Advantages of the method are: avoidance of 
arterial puncture, consistent and accurate estima- 
tion of arterial pCO, in most cases, and rapidity, 
involving an average time of 15 minutes for the 
determination of Deo, including gas analyses and 
calculations. 


An Appraisal of the Breath-holding Method for 
Measuring Deo in Patients with Nonuni- 
formity of Alveolar Gas and a Sim- 

plification of the Measurement 
of Alveolar Volume 
Nota Mare Moore, THeopore C. SmitH, ALICE 
L. CastTiLLo, and JoHN RANKIN, 
Madison, Wisconsin 


Breath-holding techniques for measuring dif- 
fusing capacity (Deo) are frequently challenged 
with the following questions: 

Is the air sample measured truly representative 
of the lung as a whole? 

Can you measure the alveolar volume from 
which diffusion takes place? 

Does carbon monoxide (pCO) fall exponentially 
in relation to time? 

Three independent measurements of Dco were 
made in 20 normal adults and 90 emphysematous 
patients with demonstrable abnormality in dis- 
tribution of inspired gas. Alveolar volume in each 
case was determined by the seven-minute washout 
technique of Darling, and independently calcu- 
lated from the helium dilution. We found no 
significant differences between Dco values based 
on alveolar volumes so measured. The time of 
breath holding was varied from 10 to 20 seconds 
in 50 patients and was constant at approximately 
10 seconds in 40 patients. Despite 100 per cent 
variation in time, the calculated Deco did not vary 
significantly. The standard error of mean values 
obtained for Deo in the emphysema groups com- 
pared favorably with similar values for normal 
adults. 

We conclude that Frco/Fico falls exponentially 
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up to 20 seconds in patients with emphysema, that 
nonuniformity of alveolar gas does not signifi- 
cantly influence the reproducibility of Dco by this 
technique, and that the dilution of helium may 
be used to measure alveolar volume, hence sim- 
plifying the method. 


Ventilation, Dead Space, and Hemoglobin Level as 
Modifiers of the Steady-State Method for 
Diffusing Capacity for Carbon 
Monoxide 


Kaye H. Kitpurn, Denver, Colorado 


In experiments to evaluate the extent to which 
rate, volume, and pattern of ventilation, the 
physiologic dead space, and hemoglobin level 
alter the carbon monoxide diffusing capacity 
measured during the steady state (Deco), these 
parameters were varied individually in a series of 
dogs. Dco measurements were made in 7 spon- 
taneously ventilating and 22 apneic dogs venti- 
lated with a pump. The Dco and fractional uptake 
of CO (Feo) were measured at (1) various ven- 
tilatory rates with a constant stroke volume, (2) 
constant rate and various volumes, (3) constant 
rate and volume with various dead spaces, and 
(4) constant ventilation and blood volume with 
stepwise reduction of hemoglobin. Respired air 
and arterial blood were analyzed by conventional 
methods, and cardiac outputs measured by the 
Fick principle. Expired air CO levels were meas- 
ured on an infrared analyzer. 

Dogs ventilating spontaneously had a mean 
Deo (ml./min./mm. Hg.) of 9.5 with a minute 
ventilation (MV) of 2.2 L., a Deo of 6.5 with an 
MV of 2.6 L. at one hour, a Deo of 9.2 with an MV 
of 3.6 L. at three hours, and a Deo of 10.2 with an 
MV of 4.5 L. at six hours. When tidal volume was 
300 ml. and ventilatory rate was increased from 
10 to 23/min. in 5 dogs, Deo was 11.5 at 10, 10.6 
at 14, 17.1 at 17, 9.5 at 20, and 10.6 at 23. Incre- 
ments of 25 ml. in external dead space decreased 
Deco from 35.9 at 0 to 19.7 with 25 ml., 25.1 with 50 
ml., 12.9 with 75 ml., and 12.5 with 100 ml. Serial 
20 per cent reductions in hemoglobin to one-fifth 
of initial reduced Deo from 33.2 to 14.8, 12.7, 14.2, 
and 6.7; cardiac output increased from a control 
of 1.76 L. to 4.26 L. at a hematocrit of 16 mm. but 
fell to 3.44 L. at a hematocrit of 9.7 mm. 

Carbon monoxide diffusing capacity determina- 
tions reached a maximum at 17 resp./min. in dogs 
ventilated at 310 ml./stroke. Increased external 
dead space decreased Dco. Reductions in hemo- 
globin reduced Deo and raised cardiac output. 
The quantity measured as Dco cannot be divorced 
from ventilation, dead space, and hemoglobin 
level. These influences should be considered in 
evaluating the steady-state Deo. 


4A Pulmonary Physiology 


Pathophysiologic Features of Pulmonary Alveolar 
Proteinosis with Notes on Differential 
Diagnosis—A Report of Six Cases 
Epwarp A. GAENSLER, Boston, Massachusetts, 
ASHER Marks, Miami, Florida, and 
EvuGENE D. Rosin, Pittsburgh, 
Pennsylvania 


In 1948, Rosen, Castleman, and Liebow pub- 
lished a report on 27 cases presenting a remarkable 
lung picture, which consisted of “. . . deposition 
of a PAS-positive granular and _  floccular 
proteinaceous material, rich in lipids, within the 
lumens of the distal air spaces, where little, if any, 
reaction is usually produced.”’ 

Two of these patients were seen at our labora- 
tories some years before and have been followed 
at intervals since. One died as the result of his 
disease, and the other recovered completely. We 
have performed extensive respiratory physiologic 
studies on 4 other patients with this ‘‘disease.”’ 
Pathologie diagnoses were made by lung biopsy 
in 4, by autopsy in one, and by both pre-mortem 
and post-mortem examination of lung tissue 
in one. 

The present report deals with the respiratory 
studies in these 6 cases. The pathophysiology 
early in the disease was one of ‘‘pure’’ oxygen 
diffusion impairment. with supernormal breathing 
capacities, slightly and symmetrically reduced 
lung volumes, grossly normal distribution of gas, 
severe alveolar hyperventilation and respiratory 
alkalosis, alveolar-arterial gradients up to 90 mm. 
Hg., and hypoxemia during exercise. At a later 
stage of the disease there was more restriction of 
lung volume, hypoxemia at rest with oxygen 
saturations as low as 30 per cent, the lowest diffus- 
ing capacities ever reported in adults, cor 
pulmonale, polycythemia, and survival only on 
continuous oxygen therapy. 

The nature of the ‘‘alveolar-capillary block,”’ 
the role of shunt hypoxemia, the possibility of 
alveolar-arterial carbon dioxide gradients, and 
possible etiologic factors of this disorder are all 
to be considered. 


Unilateral Hypoventilation during Temporary 
Ipsilateral Pulmonary Artery Occlusion 
in Man 


E. W. Swenson, T. N. Finztey, 8S. V. Guzman, 
and J. W. SEVERINGHAUS, San 
Francisco, California 


Fourteen patients with chronic lung disease 


have been studied by means of temporary uni- 


lateral pulmonary arterial occlusion, using a 
triple-lumen cardiac catheter, with a thin-walled 
latex balloon mounted over a middle orifice near 
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the tip of the catheter. Following a one-sided 
pulmonary arterial occlusion, the total ventilation 
increased an average of only 10 per cent, even 
though a normal arterial carbon dioxide tension 
indicated that alveolar hypoventilation had not 
occurred. This was studied further in 11 cases by 
means of bronchospirometry during the occlusion. 
Obstructing the pulmonary arterial flow to one 
lung was followed by a decrease in the proportion 
of the total ventilation performed by the lung in 
which the supply of mixed venous blood was 
blocked (mean before occlusion 45 per cent, during 
occlusion 31 per cent). The anatomic dead space of 
the bronchial tree on that side diminished from a 
mean of 38 ml. before to 23 ml. during occlusion. 
Bronchograms showed that the balloon-filled 
segment of the pulmonary artery did not impinge 
on its neighboring bronchus. It has been possible 
to block this hypoventilatory response by giving 
the lung 6 per cent CO, to breathe during the 
blockade. Our results suggest that bronchocon- 
striction occurs in response to the lowering of air- 
way CO, tension and is a mechanism whereby an 
‘unperfused’’ lung can diminish the ‘‘alveolar 
dead space’’ that would otherwise result. 


The Effect of Hyperventilation and of Bronchodilator 
Drugs on Alveolar Ventilation in Pa- 
tients with Chronic Obstructive 
Pulmonary Emphysema 


Aaron A. Conen, San Fernando, California, and 
ALLAN Heminoway, Los Angeles, 
California 


The displacement of N2 from the alveolar spaces 
of emphysematous lungs during O, breathing is 
markedly delayed. The questions investigated 
in this study of 12 patients with emphysema were 
(1) whether more N, clearance occurred for equiva- 
lent volumes of OQ. passing in and out of the lungs 
during intermittent positive pressure breathing 
with and without isoproterenol (IPPB + ISP) 
than during ambient pressure breathing (APB), 


and (2) whether aminophylline facilitated N, 


clearance. | 

Aminophylline had no significant effect on N,» 
clearance. Hyperventilation produced by IPPB 
alone and by IPPB + ISP led to lower N» concen- 
tration in the poorly ventilated spaces that are un- 
covered late in the course of the washout pro- 
cedure. The improvement in ventilation of the 
“slow spaces’’ was produced by less ©, during 
hyperventilation than during APB. A significant 
effect on the N» clearance from the better venti- 
lated spaces was not apparent but may have been 
masked by a greater contribution from the less 
ventilated spaces during the earlier phases of the 
N. washout procedure. The effect was greater with 
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IPPB + ISP than with IPPB alone. In the group 
as a whole the improvement in N» clearance, in 
terms of effect produced by comparable volumes of 
©, was not striking, but in one individual it was 
marked. 


Pulmonary Diffusing Capacity in Resting Subjects 
with Normal and Increased Pulmonary 


Blood Flow 
GEORGE N. BEpDELL, Iowa City, lowa 


This study was undertaken to discover what 
functional changes occur in the lungs of resting 
persons who have increased pulmonary blood flow 
—patients with atrial or ventricular septal defects. 
Patients with normal pulmonary arterial pressure 
were deliberately chosen to avoid including pa- 
tients with extensive pulmonary vascular disease. 

Ten normal subjects and 20 subjects with either 
atrial or ventricular septal defects were studied. 
There were no significant differences between the 
normal subjects and the patients with increased 
pulmonary blood flow in the measurements of lung 
volumes, minute volume of ventilation, distribu- 
tion of inspired air, and maximal breathing ca- 
pacity. The mean diffusing capacity of the lung 
for carbon monoxide (Dico) was 31 ml./mm.,Hg./ 
min. or 106 per cent of predicted normal in normal 
subjects; and in patients withincreased pulmonary 
blood flow, Duco was 35 ml./mm.Hg./min., or 140 
per cent of predicted normal. The groups are 
significantly different (P = <0.01). A plot of Duco 
against pulmonary blood flow shows a tendency 
for DLco to be greater as flow increases. 


The Effects of ThoracicSurgery on the Pulmonary 
Diffusing Capacity 


FRANCES R. Dietiker, Hinsdale, Illinois and 
BENJAMIN BurRRows, Chicago, Illinois 


Carbon monoxide’ breath-holding diffusing 
capacities (D,) have been determined for 68 pa- 
tients before and approximately four weeks after 
various types of pulmonary surgery. Nine pneu- 
monectomy patients showed a 46 per cent fall in 
both Dy, and lung volume (V_,). After lobectomy, 
34 patients showed slightly more loss of D, than of 
Vi (28 per cent. and 25 per cent, respectively). 
Following thoracoplasty, wedge resection, or seg- 
mental resection, however, D, decreased con- 
siderably more than the V,. Twelve patients 
showed an average D , loss of 30 per cent and a 
Vi loss of 19 per cent following extraperiosteal 
paraffin plombage, and 13 patients undergoing 
wedge or segmental resection showed an average 
D, loss of 22 per cent and V_ loss of 14 per cent. 
When some of the patients were subsequently 
retested, four weeks to one year after the first 


AMERICAN TRUDEAU SOCIETY 


postoperative test, 
improvement. 

It is concluded that pulmonary surgery of lesser 
extent than pneumonectomy produces a tem- 
porary diffusion loss that cannot be explained by 
loss of lung volume alone and indicates an altera- 
tion in pulmonary physiology. 


both and showed 


The Relationships of Hypercapnia to Thyroid 
Function 


MyYRON STEIN, Davip SINGER, and MILTON W. 


HaMo.usky, Boston, Massachusetts 


The clinical resemblance of hypercapneic pa- 
tients to hyperthyroid subjects is often striking. 
Recent reports indicate therapeutic benefit in such 
patients following the induction of myxedema by 
I'3!, although there was no significant change in 
pulmonary function studies. Moreover, measure- 
ments of serum-protein-bound iodine and _ thy- 


roidal radioactive iodine uptake have usually been 


normal in hypercapneic patients. In an investiga- 
tion of the possible relationships of hypercapnia 
to thyroid function, multiple pulmonary and 
thyroid function tests were performed on 15 hyper- 
capneic subjects. Pulmonary studies included lung 
volumes, maximal flow rates, distribution of gas, 
maximal breathing capacity (MBC), and alveolar 
pCO, measured on arterial blood by conventional 
methods and/or end-expired (alveolar) air with a 
pCO, meter. The thyroid tests included protein- 
bound iodine (PBI), 24-hour thyroidal I'* uptake, 
turnover of infused I" thyroxin, and a newly 
devised in vitro test that measures plasma-protein 
binding and tissue distribution of labeled thyroid 
hormones and has been applied to more than 
5,000 patients in our laboratories. 

In 11 hypercapneic male patients, the erythro- 
cyte uptake ranged from 17.8 to 35.8 per cent, and 
averaged 21.5 per cent. In 4 hypercapneic females, 
the uptake ranged from 20.6 to 32.9 per cent, and 
averaged 25 per cent. These levels of erythrocyte 
uptake are within the hyperthyroid range; normal 
values in males range from 11.5 to 18.5 per cent; 
in females, from 11 to 17 per cent. In 6 patients 
with pulmonary emphysema and normal alveolar 
pCOrs, the erythrocyte uptake was within normal 
limits. In 3 patients with hypercapnia in whom 
remission of disease resulted in decrease of alveo- 
lar pCOs, there was also a decrease in erythrocyte 
uptake from elevated toward normal levels. 

In addition, thyroxin ['*! turnover was measured 
in 8 subjects with hypercapnia and was accelerated 
in all patients. Half-times of disappearances 


ranged from 3 to 5.8 days with an average of 4.8 © 


days; normal euthyroid half-life is from 6.8 to 


7 days. 
The abnormalities observed cannot be related 
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to pH changes alone, as several of the patients had 
hypercapnia with normal arterial blood pH. 
These studies, suggesting an abnormality of 
peripheral utilization of thyroid hormone in 
hypercapnia, may explain improvement of hyper- 
capneic patients following treatment with myx- 
edema-inducing doses of radioactive iodine. 


The Effect of Isoproterenol on the Heart and 
Pulmonary Circulation in Patients with 
Chronic Pulmonary Emphysema 


JoHN F. H. Waite, and 
Roy H. BeunkeE, Indianapolis, Indiana 


It has been stated that patients with chronic 
lung disease cannot decrease their pulmonary 
vascular resistance in response to pharmacologi- 
cally induced increase in cardiac output, and that 
isoproterenol raises pulmonary arterial pressure 
as it increases cardiac output. Observations on 
9 patients with chronic pulmonary emphysema 
without congestive heart failure in whom isopro- 
terenol had been infused directly into the pul- 
monary artery have not substantiated these 
statements. 

Right heart catheterization and routine pul- 
monary function studies were performed in all 
9 patients. Pulmonary and systemic arterial pres- 
sures were determined in all at rest and during the 
infusion of 0.005-0.010 mg./min. of isoproterenol, 
also in 7 patients during steady-state exercise and 
during exercise with drug infusion in similar 
amounts. Cardiac output was determined under 
these conditions in all but one patient by the 
direct Fick principle, and ‘‘wedge’’ pressures were 
determined when technically possible. 

The resting mean pulmonary arterial pressure 
(range 13-40 mm. Hg.) was elevated in 5 patients, 
and the infused drug effected a significant drop in 
2 (8 and 15 mm. Hg.). The resting cardiac output 
with infusion increased in 4 patients (778-4873 ce./ 
min.), was unchanged in 2, and decreased in one. 
Pulmonary vascular resistance was decreased in 
all 5 in whom it was determined. 

With exercise, 5 of 7 patients developed pul- 
monary hypertension. In 4 the drug reduced the 
pressure, and the drop was found to be generally 
proportional to the severity of the hypertension 
(e.g., 54-26, 46-35 mm. Hg.). Cardiae output dur- 
ing steady-state exercise with isoproterenol as 
compared with that of exercise alone was increased 
in 5 of 6 patients (660-2715 cc./min.). During exer- 
cise the drug reduced the pulmonary vascular 
resistance. 

In no portion of the study did the oxygen con- 
sumption during drug infusion, as compared with 
its parallel control state, increase enough to 
account for the increased cardiac output. 
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Patients with chronic pulmonary emphysema 
can decrease their pulmonary vascular resistance 
and pulmonary arterial pressure dramatically as 
they increase their cardiac output during isopro- 
terenol administration. It is suggested from these 
studies that there is a definite element of active 
pulmonary vasoconstriction contributing to the 
hypertension in these patients, and that this is 
diminished by the infusion of the drug. Also, an 
increase in cardiac output cannot be interpreted 
as indicating left heart failure in such patients. 


4B Experimental Chemotherapy 


A Simple Test to Distinguish Rapid and Slow 
Inactivators of Isoniazid 


H. Harris, A. KNIGHT, DORIAN 
R. Faser, and MERLE L. SELIN, Salt Lake 
City, Utah 


Previous studies in this laboratory indicated 
that the rate of isoniazid inactivation in humans 
is genetically determined. ‘‘Rapid’’ inactivation 
is inherited as a dominant trait and ‘‘slow”’ inacti- 
vation as a recessive trait. Although the six-hour 
serum isoniazid concentration, as measured in this 
laboratory, will segregate groups of individuals 
into rapid and slow inactivators, it will not dis- 
tinguished heterozygous from homozygous 
genotypes. 

The quantity of ‘‘free’’ isoniazid excreted in the 
urine depends upon the serum concentrations of 
the free drug. However, the urine concentration is 
10 to 100 times greater than the serum concentra- 
tion and may be measured by chemical methods. 
Attempting to quantitate accurately the extent of 
in vivo inactivation, we measured the urinary 
excretion of free isoniazid after a 4 mg./kg. dose 
in 72 subjects. 

A distribution curve that plots the urinary free- 
isoniazid excretion, expressed as a percentage of 
dose, among these subjects reveals bimodality, 
and the subjects can be classified as rapid or slow 
inactivators. 

Since it is difficult to collect 24-hour urine speci- 
mens, particularly in large groups of subjects as 
required for genetic investigation, a simple modi- 
fication of this test was devised. The subjects were 
given 4 mg./kg. of isoniazid at 10:00 p.m., and the 
urine was collected for a ten-hour period, until 
8:00 a.m. The quantity of free isoniazid in the ten- 
hour urine specimen (expressed as a percentage of 
dose) is compared with the classification provided 
by the six-hour serum concentration in these 
subjects. 

Except for one individual, this simple test segre- 
gated rapid and slow inactivators of isoniazid 
identically with that provided by the six-hour 
serum classification. A test based on collection of 
an overnight urine specimen has definite practical 


TRUDEAU SOCIETY 


advantages as compared with the serum isoniazid 
test. This method of segregating individuals into 
rapid and slow inactivators of isoniazid may be of 
great value in studying large population groups. 


Effect of Cortisone plus Antituberculosis Agents on 
Tuberculous Pneumonia in Guinea Pigs— 
Preliminary Report 
ALFRED G. KaRLson and Davin T. Carr, 
Rochester, Minnesota 

Forty guinea pigs received intravenous injec- 
tions of 0.1 mg. of tubercle bacilli. Eight days 
later, they were divided equally into four groups, 
with treatment given subcutaneously once daily 
as follows: group 1, untreated controls; group 2, 
2 mg. of cortisone; group 3, 2 mg. of streptomycin; 
group 4, 2 mg. of cortisone plus 2 mg. of strepto- 
mycin in one mixture. | 

The controls and those given cortisone alone 
were dead 28 days after the injection of the tuber- 
cle bacilli. Three given streptomycin alone and 
6 given cortisone plus streptomycin survived; all 
of them were killed on the twentieth day of treat- 
ment. Tuberculous pneumonia was found in all 
of the animals, but it was less extensive in those 
given combined treatment. Histologic grading of 
the severity of the lesions from 1 to 4 gave the 
following averages: controls, 3.8; those given corti- 
sone, 4; those given streptomycin, 3.8; those given 
cortisone plus streptomycin, 1.8. 

Studies on the effect of cortisone and isoniazid 
in various amounts are incomplete, but enough 
data are available to permit some conclusions. 
For example, 40 guinea pigs infected as above were 
divided seven days later into groups of 10 animals 
each, with the following treatment: group 1, un- 
treated controls; group 2, 5 mg. of cortisone; group 
3, 0.2 mg. of isoniazid; group 4, 5 mg. of cortisone 
plus 0.2 mg. of isoniazid. The controls, those given 
cortisone alone, and those given isoniazid alone 
were all dead in 23, 25, and 26 days, respectively. 
Those given combined treatment had a longer 
survival time, 4 living on the twenty-eighth day. 
Histologically, the lesions in this last group were 
less severe. 

It is concluded that the administration of corti- 
sone plus either streptomycin or isoniazid in 
proper doses to guinea pigs with tuberculous 
pneumonia prolongs the survival time and limits 
the spread of the disease. 


The Chemotherapy of Experimental Pulmonary 
Tuberculosis: Correlation between Survival of 
Rabbits and the in Vitro Demonstration 

of Viable Tubercle Bacilli 

SIDNEY BERNSTEIN and Nicuo.tas D. D’Esopo, 

West Haven, Connecticut 


The correlation was investigated between sur- 
vival of animals and the in vitro demonstration 
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of viable tubercle bacilli from residual pulmonary 
lesions in rabbits after prolonged chemotherapy. 
A total of 72 rabbits was exposed to infective 
aerosols of bovine tubercle bacilli. Six weeks after 
infection, all animals were X-rayed. Six animals 
were sacrificed, and the number, distribution, and 
size of the pulmonary lesions were determined. 
The remaining rabbits received daily single intra- 
muscular injections of 100 mg. of streptomycin 
and 24 mg. of isoniazid (Pfizer’s Streptohydrazid®) 
for one year without interruption. 

After one year of continuous drug therapy, 51 
rabbits survived. At that time, these were divided 
at random into two groups of 26 and 25 animals. 

One group of 25 rabbits was sacrificed. The size, 
number, and morphology of the residual lesions 
were determined, and 71 specimens were selected 
for bacteriologic study. Several media, including 
one permitting prolonged incubation, and animal 
inoculation were used for viability studies. Posi- 
tive smears for acid-fast bacilli were obtained 
from 48 (68 per cent) of the specimens, whereas 
only 2 (3 per cent) yielded cultures positive for 
tubercle bacilli. 

The group of 26 rabbits received no further 
chemotherapy and served as controls. Twenty- 
four months after the cessation of chemotherapy, 
13 animals were alive and without evidence of 
active tuberculosis, as revealed by X-rays and 
weight records. Four rabbits died of progressive 
tuberculosis (3 of these relapses were shown by 
X-ray within four months), one each died during 
the eighth and ninth months, and 2 during the 
tenth month after therapy was discontinued. Nine 
animals died of nontuberculous causes; these 
deaths occurred in a purely random manner. 

These results show that the in vitro demonstra- 
tion of the viability of tubercle bacilli in the rab- 
bit after prolonged chemotherapy corresponds 
closely to the pathogenicity of these organisms in 
residual necrotic lesions. 


Correlation of Drug Susceptibility and Metabolic 
Activity of Various Strains of Mycobacteria 


D. Kocu-WeserR and R..P. PALMER, 
Cleveland, Ohio | 


Lack of susceptibility to antituberculosis drugs 
has become a clinical problem in infections with 
anonymous mycobacteria. Therefore, the possible 
relationship between susceptibility to drugs and 
metabolic activity is of practical and theoretic 
interest. 

Measurement of metabolic activity was done by 
determining growth in liquid medium by nephel- 
ometric readings; triphenyltetrazolium reduction, 
as an indication of dehydrogenase activity; C!*- 
labeled acetate utilization in Conway units, sepa- 
rating the uptake of C' into the bacillary sub- 
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stance from the C'*O, produced as an indicator of 
energy. expenditure. 

The ten investigated strains were H37Ra and 
R1IRv (two laboratory strains closely related to 
virulent human tubercle bacilli, H37Rv, and 
identical with this virulent strain in both rela- 
tively slow growth and metabolism), two strains 
of photochromogens, two strains of scotochro- 
mogens, two strains of nonpigmented anonymous 
mycobacteria (all of these six strains grew much 
faster and also exhibited more dehydrogenase 
activity ard acetate utilization), M. smegmatis, 
and M. phlei (very rapidly growing and intensely 
metabolizing saprophytic strains). 

Tested for their effect on growth and metabolic 
activity of these strains in vitro were isoniazid, 
streptomycin, neomycin, and kanamycin. They 
were added to the medium in increasing (tenfold) 
concentrations. 

C!‘-labeled isoniazid was added to each of the 
ten strains during the logarithmic growth phase 
and after 48 hours the amount of the drug “‘taken 
up”’ or “‘bound’’ was determined. 

With increasing growth and metabolic activity, 
the inhibiting concentration of all four tested 
drugs also increases, the human strain being in- 
hibited by the smallest, the saprophytes by the 
largest (for instance, 200 y of isoniazid/ml.) con- 
centrations. 

There is no specific susceptibility of the anon- 
ymous strains to neomycin and kanamycin. 

Neomycin and kanamycin in the same concen- 
trations exhibit almost identical potency in every 
experiment. They are very closely related. 

The binding of isoniazid is determined not by 
the metabolic activity but by the mass of bacterial 
substance. With 10 y of C™ isoniazid/ml., human 
strains and saprophytes take up the same amount 
of drug or its derivative per nephelometer unit, 
the former one being inhibited, the latter one not. 
This lends support to our previously expressed 
hypothesis that the initial binding of the drug is 
an adsorption phenomenon that has to be followed 
by metabolic utilization and, therewith, in- 
hibition. 


A Rapid Method of Testing the Susceptibility of 
Mycobacteria to Antituberculosis Drugs 


C. O. Rogers, I. G. Metvin, and H. 8. WILLIs, 
Chapel Hill, North Carolina 


Accepted techniques of susceptibility testing in 
the field of tuberculosis tend to be tedious, time- 
consuming, and often inaccurate when one con- 
siders preparation of media and incubation time. 
When the results of susceptibility tests must be 
had before a clinician begins a chemotherapy 
regimen, decreasing the time involved becomes 
important. 
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The total number of living cells present in sus- 
pensions of normally metabolizing cells can be 
standardized on the basis of milligrams of red 
formazan reduced from 2,3,5 triphenyltetra- 
zolium chloride (TTC). It seems logical, therefore, 
that inhibition of normal metabolic activity of the 
cells would result in decreased reduction of the 
TTC. 

Cultures isolated on Léwenstein medium from 
patients were ground in Dubos basal medium, 
large clumps removed by low-speed centrifuga- 
tion, and equal aliquots of the suspension exposed 
to varying concentrations of streptomycin and 
isoniazid hydrazid for four days at 37° C. The cells 
were washed free of the drug and incubated with 
TTC. Cells remaining metabolically active re- 
duced TTC to formazan (as they did prior to drug 
exposure), the concentration of which was deter- 
mined colorimetrically. 

Cells susceptible to the drugs failed to reduce 
the TTC, whereas resistant cells retained the 
capacity to reduce it. Mixed populations of sus- 
céptible and resistant cells or partially resistant 
organisms demonstrated decreased capacity for 
reduction as compared with the capacity of con- 
trols not exposed to the drugs, and drug-enhanced 
organisms demonstrated even greater reduction 
than the controls. 

This method of susceptibility testing compared 
favorably with the media culture technique and 
reduced the time required for test - 
ing from two weeks to four days. 

A Rapid Drug-Susceptibility Test for Acid-fast 
Bacilli 


G. P. Kusica, Chamblee, Georgia 


The disadvantage of most drug-susceptibilityv 
tests is the length of time required for performance 
and reading of results. After the tubercle bacilli 
have been isolated, it usually takes two or three 
weeks to determine their susceptibility. The pres- 
ent technique describes modifications of proce- 
dures by Sorensen, Pital, ef al.; in the present 
technique, culture viability is indicated through 
use of an oxidation-reduction indicator, resazurin. 

Known concentrations of various antitubercu- 
losis agents are prepared either by serial dilution 
of stock solutions of drug or by the addition of 
Bacto sensitivity discs to 1 ml. of Tween®-albu- 
min broth containing the organisms. The inocu- 
lum of organisms is prepared by diluting (107! or 
10~?) in Tween-albumin broth a seven- to ten-day- 
old broth culture or a saline suspension of the 
organisms whose antimicrobial spectrum is de- 
sired. One milliliter of this inoculum is added to 
each tube containing either a drug dise or 0.1 ml. 
of the appropriate stock drug dilution in water; a 
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nondrug-containing tube is inoculated as a con- 
trol. Inoculated tubes are placed in the incubator 
for two to four days. Then one drop of 0.05 per 
cent resazurin is added to all tubes, and the tubes 
are put back in the incubator. When the control 
tubes turn pink, indicating active bacillary me- 
tabolism, the drug tubes are observed; a pink to 
red coloration indicates no inhibition by the drug: 
a blue shows complete inhibition; and a purple 
suggests partial inhibition of organisms. Compari- 
son of this technique with a routine drug-suscepti- 
bility test using solid media showed excellent 
correlative results. 


4c Fungous Diseases 


Amphotericin-B Therapy of Histoplasmosis 
W. D. Sutiirr, Memphis, Tennessee 


The therapeutic effects of amphotericin-B in 
histoplasmosis vary with the clinical type of the 
disease. It is reported to be an effective agent for 
the disseminated form of histoplasmosis. It has 
been used only in cases of unusual severity in the 
acute pulmonary form, and few reports are avail- 
able. In the chronic pulmonary form of histo- 
plasmosis, therapeutic effects were limited by the 
persistence of chronic lesions and by the toxicity 
of amphotericin-B. 

A cooperative, randomized study of ampho- 
tericin-B therapy of histoplasmosis was, there- 
fore, undertaken in Veterans Administration and 
Armed Forces hospitals. A series of 19 cases of 
chronic pulmonary histoplasmosis randomized to 
compare modified hospital rest therapy with 
am photericin- B administration were studied. 
Five courses of amphotericin-B therapy were also 
given without randomization. Prompt conversion 
of the sputum was regularly observed. Definite but 
limited changes occurred in pulmonary lesions. 
Subjective improvement occurred with both 


regimens but more often after amphotericin-B. 


Bacteriologic relapses occasionally occurred, and 
these cases responded to re-treatment. Toxic 
reactions were frequent and prevented successful 
therapy in some instances. 

It is concluded that amphotericin-B therapy is 
effective and is the therapeutic agent of choice, 
but that it has definite limitations, and more 
effective and less toxic therapeutic agents should 
continue to be sought. 


Observations on Experimental Histoplasmosis 
in Dogs 
JoHN J. ProckNow, EVELYN Saxon, and 


C. Ray, Chicago, Illinois 


Experimental histoplasmosis has been induced 
and closely observed up to four years in dogs 
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exposed to air-borne H. capsulatum spores, using 
a simple closed system simulating the natural 
route of infection via the respiratory tract. Infec- 
tion of 36 nonimmunized and 8 immunized dogs 
produced the complete spectrum of disease, rang- 
ing from unapparent to disseminated histoplas- 
mosis. Seventeen dogs have been reinfected up to 
seven times; 8 were repeatedly infected by bron- 
choscopic placement of a spore suspension into 
the right lower lobe. 

Serial determinations were made of each ani- 
mal’s temperature, weight, blood count, sedimen- 
tation rate, hematocrit, skin tests, complement- 
fixation and precipitin antibodies, and blood and 
bone marrow cultures. Pulmonary involvement 
was frequently observed roentgenographically. 

One dog succumbed to disseminated histoplas- 
mosis. The majority became infected and showed 
a remarkable tendency to resolution and healing. 
Antibody levels persist for years. Resistance to 
reinfection with air-borne spores was marked, and 
pulmonary lesions were minimal. Necrosis and 
cavitation did not occur following multiple rein- 
fection with air-borne or localized bronchoscopic 
placement of spores. 


The Serious Prognosis of Untreated 
Histoplasmosis 


J. Lewis Yates, Mount Vernon, Missouri 


In the follow-up studies of 250 cases of proved 
histoplasmosis, the diagnosis was established or 
confirmed at this station. All cases were followed 
up six months later, with extremely interesting 
results. Almost a quarter of the patients with 
proved histoplasmosis had died in the subsequent 
period of follow-up. Death rates differ markedly 
for different types of disease and for different age 
groups. These studies form the basic controls for 

therapeutic studies of histoplasmosis. 


High Incidence of Histoplasmosis in Sanatoriums 
in the United States 


L. Furcotow, Kansas City, Kansas, 
JosePH H. ScHUBERT, Chamblee, Georgia, and 
E. Tosu, Kansas City, Kansas 


This study reports the results of serologic and 
pathological studies in tuberculosis sanatoriums 
throughout the United States, particularly the 
central United States. These studies have included 
more than 25,000 patients, and the original 1957 
estimate of 1,200 cases of probable histoplasmosis 
in the tuberculosis sanatoriums in the United 
States has been exceeded. These studies have 
shown a high incidence of positive serologic tests 
and of positive cases of histoplasmosis by culture 
or pathologic study in sanatoriums in the United 


951 


States, particularly in the central part of the 
United States. Indeed, estimates based on the 
survey as presently reported indicate that there 
are probably between 3,000 and 4,000 cases of 
histoplasmosis in the sanatoriums in the United 
States. 


Nocardiosis—An Analysis of Nine Cases 


JOHN F. Murray and Sipney M. FINEGOLD, 
Los Angeles, California, SEymMouR FROMAN, 
Olive View, California, and Drake W. 
Wii, Los Angeles, California 


Nine cases of nocardiosis, proved by cultural 
techniques in 8 patients and characteristic stain- 
ing reactions and smears in one, have been en- 
countered in the past seven years. Perhaps the 
most notable characteristic of nocardiosis was the 
wide clinical spectrum encountered. Ages ranged 
from 4 to 91 years in patients who were initially 
diagnosed as having dysgammaglobulinemia, 
acute pneumonia, active and chronic tubercu- 
losis, purulent meningitis, bronchogenic car- 
cinoma, or pemphigus. 

Types of nocardiosis seen were a _ localized 
granuloma of the lung (one case), chronic progres- 
sive fibrosis of the lung resembling fibronodular 
tuberculosis (one case), acute bronchopneumonia, 
often with empyema and/or chest wall extension 
(4 cases), and a generalized form with involvement 
of the lungs, pleura, chest wall, brain, spleen, 
kidneys, and pericardium (3 cases). Possible pre- 
disposing factors to nocardial infection were pro- 
longed high-dosage steroid or antimicrobiol 
therapy, malnutrition, diabetes mellitus, and an 
altered immune mechanism. 

Although nocardiosis was not considered in the 
initial diagnosis of any patient, the diagnosis was 
eventually made by recovery of the organism from 
sputum, thoracentesis fluid, or abscess drainage 
prior to death in 6 patients. In one case the disease 
was unsuspected until a resected lung specimen 
was cultured and examined microscopically. Five 
of the 9 patients died, a mortality rate of 56 per 
cent. Three of these patients died in spite of 
proper ante-mortem diagnosis and appropriate 
antibacterial chemotherapy; in the other 2 fatal 
cases the disease was not recognized until an 
autopsy was performed. The 4 living patients 
were treated with a combination of sulfonamides 
and other antimicrobial agents and surgical resec- 
tion or drainage. The sputum of one patient has 
again become infectious and he is being treated. 

Requisites for improving survival in this serious 
disorder are awareness of the potentialities of 
nocardial infection, early diagnosis, and adequate 
medical and surgical therapy. 


7 
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5A Surgery 


Early Resection for Pulmonary Tuberculosis 


Ricuarp F. Kierrer, Jr., Patrick B. STOREY, 
and Dona.p H. Hooker, Baltimore, Maryland 


Since 1953, a number of patients at the Veterans 


Administration Hospital in Baltimore have under-— 


gone resectional surgery for pulmonary tuber- 
culosis after having received antituberculosis 
chemotherapy for less than the usual period of 
time. Approximately 45 of these patients had 
demonstrable cavities and infectious sputum at 
the onset of treatment, were initially treated 
patients, and were brought to surgery less than 
90 days after the initiation of antituberculosis 
chemotherapy. 

As a result of their experience with these cases, 
the authors have considered whether pulmonary 
resectional surgery performed after a relatively 
short course of antituberculosis chemotherapy is 
associated with an increase in tuberculous com- 
plications or technical difficulties. 


The Effects of Extraperiosteal Thoracoplasty with 
Paraffin Plombage on Pulmonary Function 


GORDON L. SNIDER, ALLAN R. Suaw, and WILLIAM 
M. Less, Chicago, Illinois 


Ninety-three patients with chronic pulmonary 
tuberculosis were studied with pulmonary func- 
tion tests before and after one-stage apical-pos- 
terior thoracoplasty with extraperiosteal paraffin 


plombage. The mean maximal breathing capacity | 


(MBC) preoperatively was 83.20 L./min. (range: 
37-152 L./min.), which represented a mean of 
76 per cent of predicted normal (range: 27-126 
per cent). The mean vital capacity (VC) pre- 


operatively was 3.05 L. (range: 1.30-5.27 L.), which, 


represented a mean of 80.2 per cent of predicted 
normal (range: 41-125 per cent). The mean loss 


of MBC as a result of the operation was 10.2 per 


cent of predicted (range: 0-35 per cent), and of 
VC 9.3 per cent of predicted (range : 0-35 per cent). 
When expressed as a percentage of preoperative 
MBC, the mean loss due to surgery was 13.5 per 
cent (range: 0-46 per cent). 

Functional residual capacity (FRC), total lung 
capacity (TLC), and residual volume (RV) were 
measured preoperatively and postoperatively in 
31 patients. The TLC was within normal limits in 
13 patients, reduced in 7 patients, and elevated in 
11 patients preoperatively. After surgery, 6 pa- 
tients showed an increase in TLC of more than 
200 cc. (range: 230 to 800 cc.). This increase in 
TLC was due entirely to an increase in residual 
volume. In 17 patients TLC was decreased by 
more than 200 ec. (range: 220 to 2,130 ec.). In 
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15 of these 17 patients, the decrease in TLC was 
caused primarily by loss of VC, although only one 
showed a significantly increased RV. In the re- 
maining 14 patients the RV was either unchanged 
or diminished. In 8 of the 31 patients the TLC was 
unchanged, but in 4 of these 8 the VC was de- 
creased and RV increased. Thus, in the entire 
group of 31 patients the RV was increased sig- 
nificantly in 8 patients, decreased in 10, and 
unchanged in 13. 

Loss of MBC and VC and changes in RV and 
TLC were correlated with the size of the thora- 
coplasty as estimated from frontal and lateral 
chest roentgenograms and from the weight of the 
paraftin plombage. No significant correlation was 
found, except that the loss of MBC rose sharply 
when the collapse extended below the sixth pos- 
terior rib as seen in the frontal inspiratory roent- 
genogram. There was also no correlation between 
the above parameters and the estimated amount 
of disease in the lung tissue collapsed by the 
operation. 

An exercise of moderate severity (O2 uptake 
400-1,300 ce. minute) was performed‘ preopera- 
tively and postoperatively, using a one-step test 
in 83 of 93 patients. The preoperative oxygen 
ventilation equivalent (O22 — V) was higher than 
our normal for hospitalized patients (20-33 L. 
vent/L. O. uptake) with a mean of 38 L. vent/L. 
uptake (range: 28-50 L. vent/L. uptake). 
The O. — V increased postoperatively by more 
than 5 L./L. O. uptake in 19 patients and decreased 
by more than 5 L./L. O2in 5 patients. The increase 
in mean dyspnea index from 39.6 per cent pre- 
operatively to 48.1 per cent postoperatively was 
thus seen to be due primarily to a diminution in 
MBC. 

The one-second VC expressed as a percentage of 
determined VC was less than 73 per cent in 36 
cases and more than 73 per cent in 33 cases. After 
an operation there was a decrease of more than 
10 per cent in the one-second VC in 13 patients © 
and an increase of more than 10 per cent in 9 
patients. 

Most patients showing a decrease in one-second 
VC after surgery had a preoperative one-second 
VC that was within the normal range and showed 
very little change in total determined VC as a 
result of surgery. Those showing an increase in 
one-second VC were primarily in the group of 
patients with a diminished preoperative one- 
second VC, and generally had a diminution of 
total determined VC as a result of surgery. Thus, 
it seems unlikely that the increase in one-second 
VC can be taken as a measure of lessened airway 
obstruction in this second group. Losses of MBC 
ané VC are being analyzed in relation to the pres- 
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ence of airway obstruction preoperatively as 
determined by the preoperative one-second VC. 

Differential bronchospirometry with measure- 
ments of ventilation, O2 uptake, and VC was per- 
formed before surgery in 67 patients and was also 
carried out in 33 of these 67 postoperatively. The 
results of this study have been compared with 
similar studies on the physiologic effects of classi- 
cal thoracoplasty and other types of thoracoplasty 
with extraperiosteal plombage. 
Cavernostomy—A Salvage Procedure for Giant 
Tuberculous Cavities 


JouHN N. Briaas, Encino, California, and RoBERT 
R. Torrey, Los Angeles, California 


Chemotherapy has been responsible for the 
abandonment of several time-honored surgical 
procedures used in the treatment of cavitary pul- 
monary tuberculosis. Cavernostomy is among 
these. It is now rarely used as a salvage procedure. 
The cavernostomy referred te in this paper is 
open-cavity drainage performed in one or two 
stages, not the Monaldi procedure. The majority 
of large tuberculous cavities are now treated by 
pulmonary resection. There remains, however, a 
small percentage of patients with giant cavities 
that are not surgically resectable. These patients 
are salvageable with the judicious use of cavern- 
ostomy. 

Only 14 cavernostomies have been done at the 
Olive View Hospital in the eleven years from 1948 
to 1959. This paper reviews the indications, re- 
sults, morbidity, and deaths that occurred in 
these 14 patients. Although this small series is not 
statistically significant, the results further justify 
the use of cavernostomy as a salvage procedure in 
drug-resistant patients with giant cavities who 
are not candidates for pulmonary resection or 
collapse procedures. There is an appreciable mor- 
bidity associated with cavernostomy. All 14 pa- 
tients had postoperative fever for two to 30 days. 
In one instance, there was a postoperative pneu- 
mothorax, and one patient had hemorrhage from 
the cavernostomy. There were 3 deaths in the 
series; all were late, occurring from 10 to 22 months 
after operation, and none could be attributed to 
the operation. The deaths resuited from congestive 
heart failure, bronchogenic carcinoma, and pro- 
gressive tuberculosis. Seven of the patients were 
discharged from the hospital. Six of these had 
noninfectious sputum, and only one had infec- 
tious sputum. Three patients continue to be hos- 


pitalized, improved, and with noninfectious 


sputum. One patient remains in the hospital un- 
improved, with sputum positive for M. tubercu- 
losis. 
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Pulmonary Resection for Emphysematous Bullae 


Davip M. SENSENIG and THEODORE RODMAN, 
Philadelphia, Pennsylvania 


A study, including preoperative and postopera- 
tive pulmonary function tests, was undertaken of 
patients with giant pulmonary bullae without 
generalized obstructive emphysema. Eight pa- 
tients who underwent 13 operations were studied. 

Wedge resection was performed six times in 4 
patients. Two were much improved symptomati- 
cally and by pulmonary function studies. Two 
patients underwent unroofing of bullae on the 
left, followed by right upper lobectomy. Both 
showed slight improvement in function after the 
unroofing procedure. The patient who underwent 
segmental resection showed improved efficiency 
of oxygen uptake on the operated side, but a 
reduced vital capacity. Lobectomy was performed 
four times. Arterial oxygen saturation increased 
postoperatively but, when bronchospirometry 
and pneumoangiography were performed, the 
results were consistent with a reduced blood flow 
to the operated side. An increase in the residual 
volume to total lung capacity ratio has suggested 
overexpansion of the remaining lung tissue. 

The best results were achieved in dyspneic pa- 
tients who had minimal generalized airway 
obstruction. 


The Surgical Management of Pulmonary Blebs 
and Bullae 


Haroip C. Spear, DeWirr C. Davuaunrry, 
JoHN G. CHESNEY, and ASHER MARKs, 
Miami, Florida 


Pulmonary blebs and bullae represent localized 
expressions of obstructive emphysema which, 
upon reaching large enough proportions to pro- 
duce significant pulmonary parenchymal com- 
pression, warrant surgical attention. 

The authors report their experiences with 14 
such operative cases. The clinical and roentgeno- 
graphic features are occasionally difficult to cor- 
relate. Pulmonary function studies are important 
in objective evaluation, but they cannot serve as 
criteria for operability, since some gratifying surg- 
ical results occur among those with the most com- 
promised pulmonary function. Conservation of 
pulmonary parenchyma is the keynote of success- 
ful surgery. Operative techniques—including 
adjunctive tracheostomy and ventilatory assist- 
ance—complications, and results have been 
described. All patients in this series were improved 
postoperatively and maintained their improve- 
ment during the period of postoperative follow-up. 


Q54 


Miners’ Pneumoconio-tuberculosis—Results 
of Medical Therapy 
CHARLES GERNEZ-Rigeux, C. Vorsin, and 
P. Fournier, Lille, France 


Coal 


and Surgical 


A total of 236 tuberculous coal miners have 
received combined antituberculosis drugs (strep- 
~tomycin, isoniazid, and PAS) for six months to 
two years, followed by a double-drug regimen 
(PAS and isoniazid) for long-term chemotherapy. 
The results are poor: cavity closure and sputum 
conversion occurred in only 49 cases, and there 
were five relapses. 

In tuberculous coal miners exposed to pneumo- 
coniotic risk for ten years or more without show- 
ing a roentgenographically specific pneumoco- 
niotic pattern, the pereentage of good results is 
half as much as for similar male tuberculous pa- 
tients without occupational exposure. 

The failure of the medical treatment justifies 
surgical therapy; 122 pulmonary resections were 
realized. The results areas follows: 116 imme- 
diately favorable results and 6 deaths. Among the 
78 patients followed up regularly, 62 are healed, 
11 present active tuberculous lesions, 5 are dead. 

These facts and the frequency of severe pul- 
monary lesions caused by atypical mycobacteria 
among coal miners point out the importance of 
the host in pneumoconio-tuberculosis. 


Present Status of the Treatment of Bronchiectasis 


A. Hopkins, M. Beprorp Davis, and 
C. Wansker, Atlanta, Georgia 


Bronchiectasis continues to be a disease of con- 
siderable importance, especially to the thoracic 
surgeon. Although surgical intervention is not 
indicated in all cases, it plays the major role in 
the treatment of this disease. Many patients who 
have had surgical treatment of bronchiectasis fail 
to have complete remission of their symptoms. 
This is distressing both to the patient and to the 
surgeon handling the case. This report deals with 
an analysis of 500 patients treated consecutively 
by the same surgical group. A careful analysis of 
the causes of failure has been completed. 

The following causes have been found to be the 
major factors in the failure to relieve symptoms 
after surgical treatment of bronchiectasis: residual 
disease, postoperative atelectasis, empyema and/ 
or bronchopleural fistula, thrombosis of residual 
segmental vein, associated bronchospastic dis- 


ease, age of patient, stump problems (length, — 


infection, suture abscess, etc.), and space prob- 
lems. 

Adequate preoperative and postoperative man- 
agement of the patient may prevent many failures. 
Careful endoscopic and bronchographic study of 
the lungs is imperative for success. Failure to 
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interpret bronchograms adequately was a common 
cause for leaving a diseased segment. It is believed 
that segmental resection has definitely increased 
the postoperative morbidity and, therefore, has 
been instrumental in the production of symptoms 
after surgery. 


5B Immunology 


An Evaluation of the Agar Double-Diffusion Test 
in 600 Consecutive Patients 


Lester, Chicago, Illinois, RosEMARY 
Co._tTon, Hinsdale, Illinois, and Rospert 
C. and Guy P. 
Chicago, Illinois 


Serum from 600 patients admitted consecu- 
tively to the Suburban Cook County Tubercu- 
losis Hospital-Sanitarium were studied -for the 
presence of mycobacterial antibodies by means 
of the agar double-diffusion precipitation test. In 
this series there were 369 patients with bacterio- 
logically confirmed diagnoses of tuberculosis, and 
364 of them (98 per cent) were found to be anti- 
body positive. Of 58 cases of photo-chromogenic 
infection, 53 of them (91 per cent) were antibody 
positive; and in 15 cases of the Battey type of 
infection, all were antibody positive. Antibody 
was demonstrable in only 25 of 31 patients (80 per 
cent) from whom only scotochromogenic cultures 
had been isolated, and the same result was ob- 
tained in 107 patients from whom no positive cul- 
tures were obtained (80 per cent had demonstrable 
antibodies). 

Review of the data indicated that the concentra- 
tion of antibody detectable by the gel-diffusion 
test tends in most cases to increase with the 
passage of time and the institution of chemo- 
therapy. Thus, a single negative test may not be 
significant unless confirmed on repetition. How- 
ever, the data reported indicate that a positive 
test demonstrating detectable antibody is of 
significance and does not vary appreciably on 
repetition. 


The Effect of Homogenates Prepared from Organs of 
Normal and Immunized Guinea Pigs on the 
Respiration of Virulent Tubercle Bacilli 


ANNE 8S. YouMANS and Guy P. YouMANs, 
Chicago, Illinois 


At regular intervals following vaccination with 
BCG, appropriate numbers of immunized and 
nonimmunized guinea pigs were sacrificed, and 
the lungs, livers, and spleens removed and ho- 
mogenized. Standard Warburg manometric tech- 
niques were used, and the effect of the organ 
homogenates on the respiration of virulent tu- 
bercle bacilli of the H37Rv strain was measured. 
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The results showed that there was a gradual 
increase only in the lungs of immunized guinea 
pigs of a substance or of substances that markedly 
inhibited the endogenous respiration of virulent 
tubercle bacilli, whereas lungs obtained from 
nonimmunized guinea pigs produced homogenates 
that stimulated the respiration of virulent tubercle 
bacilli. The homogenates prepared from the lungs 
of immunized guinea pigs also had the capacity to 
inhibit the stimulation of respiration of virulent 
tubercle bacilli produced by lactate and pyruvate. 

The respiration-inhibiting factor was non- 
dialyzable and unaffected by heating at 60°C. 
for 30 minutes. It could be frozen or lyophilized 
without loss of activity. 


Immediate Component in Tuberculin Reactions 


D. McKee and Curtina B. Favour, 
Palo Alto, California 


Previous studies have shown a correlation 
between hyperglobulinemia and _ necrosis in 
tuberculin hypersensitivity. This study suggests 
that necrosis in the delayed reaction may be medi- 
ated by serum globulin. 

Guinea pigs vaccinated with killed tubercle 
bacilli were injected intracutaneously with a 
0.09 per cent suspension of autoclaved yeast 
particles on both flanks to produce moderate in- 
flammation. Twenty-four hours later an intra- 
cutaneous injection of saline or histoplasmin was 
superimposed on the control site, and 5 y of PPD 
on the test site. The control site demonstrated 
only mild inflammation. Within one or two hours 
an immediate reaction was produced in the test 
site with peripheral edema. The presence of 
necrosis in an ordinary skin test employing 5 y of 
PPD was correlated with the intensity of this 
immediate reaction and specifically with central 
blanching and hemorrhage. Hypersensitive ani- 
mals with no necrosis in the PPD control test 
produced no blanching or hemorrhage. Under 
identical conditions normal animals showed only 
mild inflammation in the test sites. 

It may be postulated that a factor associated 
with hypersensitive serum globulin is involved in 
an immediate response to tuberculin. 


A Study of the Heaf Test in Comparison with the 
Mantoux Test and the Patch Test 


KATHERINE H. K. and Austin E. HI, 
Houston, Texas 


Two elementary schools in Houston were chosen 
for this study. Each child was given all three tests: 
5 TU of PPD Mantoux test, Heaf test, and patch 
test. Each kind of test was performed by the same 
tester throughout the study. All three tests were 
read three times—after 48 hours, 96 hours, and 
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seven days—by the same reader throughout the 
study. A total of 1,736 children completed their 
tests. 

When the tests were read after 96 hours, the 
Heaf test missed only two of the 53 positive 
Mantoux reactors, whereas the patch test missed 
24 of the 53. Reading on the seventh day did not 
pick up any more positive Mantoux reactors. 
However, among the negative 5 TU reactors there _ 
were 66 children showing mild Heaf reactions of 
4-6 papules on the seventh day. Therefore, for 
detection of 5 TU reactors, reading the Heaf test 
after 96 hours is recommended. 

In the second school, 250 TU of PPD were given 
to all children who were negative to 5 TU. Among 
the 1,080 children tested, only 16 showed positive 
reactions to 5 TU, whereas 229 were positive to 
250 TU. The source for this low-grade tubereulin 
sensitivity will be studied by the use of antigens 
prepared from atypical mycobacteria. 


Variations in the Endurance of Positive Mantouzx 
Reactions in Primary Childhood Tuberculosis 


Curtis Apams, Louisville, Kentucky 


Findings suggest that persistence of a positive 
Mantoux reaction in children with active primary 
tuberculosis is variable. 

Seventy-nine children with active primary tu- 
berculosis have been followed for three to five 
years to date as part of the U. 8S. Public Health 
Service’s Tuberculosis-Meningitis-Prophylaxis 
Study. Repeated Mantoux tests (PPD unitage 
recorded) of each individual were performed by a 
trained team of physicians; only one observer 
interpreted all of the reactions. It became ap- 
parent that the positive Mantoux tests of some 
children reverted to negative. Thereafter, Man- 
toux tests were simultaneously performed in 
duplicate, employing corresponding doses of 
USPHS PPD-S and a freshly prepared com- 
mercial solution of PPD. The expected 90 per 
cent correlation between the duplicate Mantoux 
tests was observed. Unexpectedly, 58.2 per cent 
of the 79 children with active primary tuberculosis 
were observed to shift from positive to negative 
Mantoux reactions. These findings occurred in 
the control group as well as in the isoniazid 
prophylaxis group. Reversions occurred in pa- 
tients whose initial positive reactions ranged 
from 5 to 20 mm. of induration. 


Epidemiologic Factors in Tuberculosis—A 
Twenty-Four-Year Study 
L. D. ZetpperG, R. 8S. Gass, R. H. HutTcHeson, 
and ANN DiLion, Nashville, Tennessee 


This is the final report on an epidemiologic 
study of tuberculosis that was conducted in rural, 
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agricultural, Williamson County, Tennessee, for 
24 consecutive years. The data comprise observa- 
tions of 4,399 individuals who contributed 
32,175.25 person-years of experience as members of 


households in which they were exposed to a known. 


tuberculous individual, the ‘‘index case.’’ 

‘The prevalence of tuberculous infection and 
disease, attack rates, and death rates among 
household members have been analyzed ac- 
cording to age, sex, race, socio-economic status, 
relationship to the index case, and the sputum 
status of the index case. Analyses have also been 
made of the influence of pregnancy and the post- 
partum period 'on attack rates in child-bearing 
household members compared with the rates in 
other females of similar age. 3 

Preliminary conclusions indicate that under 
similar conditions of exposure the prevalence of 
infection apparently is not influenced by such 
‘factors as sex, race, or relationship to the index 
case, but attack rates do show significant differ- 
ences by these attributes. The evidence suggests 
that the exposure factor in the household is of 
prime importance in determining who is selected 
for attack, although a hereditary constitutional 
factor appears to have some influence too. The 
role of the socio-economic factors has not been 
conclusively shown at this writing, but the im- 
pression is that among people living in a rural, 
agricultural environment their effect may be 
relatively minor. The value of observing contacts 
to tuberculous individuals over a long period of 
time is demonstrated in the long lag between 
first exposure and development of disease in some 
individuals. Further importance of contact ob- 
servation is shown by a comparison of the stage of 
disease on first diagnosis of index cases and of 
new cases in the households. Among the former, 
tuberculosis was almost invariably moderately or 
far advanced when it was discovered, but the new 
cases were predominantly in the minimal stage. 


Study of an Outbreak of Tuberculosis 
aboard the USS Lowe 


Jess W. Brom.ey, Oakland, California 


Between July and September, 1959, 9 patients 
with pulmonary tuberculosis were admitted to 
the U.S. Naval Hospital, Oakland, California, 
from the USS Lowe (DER-325). The first patient 
was symptomatic and had bilateral, moderately 
advanced cavitary disease. All 133 members of the 
ship’s company were studied with 70-mm. photo- 
fluorograms, and one additional case was found. 
This individual had bilateral, moderately ad- 
vanced disease with two tension cavities. Both 
patients had sputum in which acid-fast bacilli 
were easily demonstrated on direct smear. Sub- 
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sequently, the entire crew of 133 men were tu- 
berculin tested with 5 tuberculin units of PPD-S; 
75 of them had been similarly tested previously, 
with 4 (5 per cent) reported positive. Skin-testing 
and repeat skin-testing gave the following results: 
Of the 133 individuals tested, 99 (74 per cent) 
were positive, and of the 99, 65 (49 per cent) were 
known converters. The tuberculin-positive in- 
dividuals received postero-anterior stereo and 
lateral chest X-rays. Six patients with early 
minimal infiltrates and one with a pleural effusion 
were discovered. Seven of the 9 patients admitted 
had bacteriologically proved disease, and one of 
the 7 developed a spontaneous pneumothorax. 

A concurrent control study aboard the USS 
Koiner (DER-331), a ship very similar to the USS 
Lowe, was made. The 146 men from the Koiner 
were given the tuberculin test, which resulted in 
27 (18 per cent) positive reactions, with one 
known converter. Of the total complement of 
146, 84 had previously received the tuberculin 
test, with 4 (5 per cent of those tested) reported 
positive. Active pulmonary disease was not found. 

The men of the two ships were compared on the 
basis of rate, rank, years of service, and tuberculin 
reaction. The sleeping compartments, ventilating 
systems, sanitation, and working and social as- 
sociations aboard the ships were carefully evalu- 
ated. The members of the control group aboard 
the second ship who were tuberculin positive were 
almost all over the age of 30 with more than ten 
years of active duty, whereas most of the con- 
verters and those with active disease from the 
USS Lowe had had less than five years of service. 

The study clearly reveals a high degree of 
contagion aboard a small ship with close living 
and working conditions and without evidence of 
breakdown in sanitation or in annual photo- 
fluorographic procedures. An incidence of active 
tuberculosis of approximately 10 per cent among 
tuberculin converters is demonstrated. The study 
shows the danger of having individuals with 
sputum positive for acid-fast bacilli aboard a 
small ship, and points out the inadequacy of 
photofluorograms as a case-finding technique in 
such a situation. 


7A Surgery 


Vascular Invasion in Lung Cancer: 
Clinicopathologic Significance 


Jack M. Mosery and Desert R. Dickson, 
Santa Barbara, California 


Surveys of carcinoma of the lung have tradi- 
tionally placed the major emphasis upon the in- 
volvement of the hilar node and the cell type 
as the major factors in the prognosis of the disease. 


e 
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It is the purpose of this presentation to show that 
vascular invasion is the most important single 
factor affecting survival in lung cancer. 

Fifty cases have been extensively reviewed. 
Of these, 25 represent surgical resections for 
carcinoma of the lung, and 25 are autopsy cases 
of patients who died of carcinoma of the lung. A 
careful search has been made of all slides of nu- 
merous sections with evidence of vascular in- 
vasion in cancer of the lung. Hematoxylin-eosin 
stains and elastic stains have been used in the 
microscopic study of these cases. 

An over-all incidence of venous invasion was 
found in 72 per cent of the surgical cases. Arterial 
invasion was found in 52 per cent of the resected 
specimens. Whereas lymphatic vessels showed 
invasion in 76 per cent, lymph node involvement 
was found to be present in 40 per cent. Of the 
squamous cell carcinomas, venous invasion was 
found in 80 per cent, and adenocarcinoma ex- 
hibited venous invasion in 75 per cent. The un- 
differentiated carcinomas showed 100 per cent 
venous invasion. 

In the autopsy series, venous invasion was 
found in all patients who died of carcinoma of 
the lung. 

Of the 25 surgical patients whose slides showed 
invasion of the pulmonary vein by carcinoma cells 
and who underwent resection for carcinoma of 
the lung, only one is alive, well, and free of disease 
at this time. 


Isolated Perfusion of the Left Lung 


J. Jacops, JoHN FLEXNER, and 
H. Jr., Nashville, Tennessee 


Since the introduction of isolated perfusion 
techniques in 1957, methods have been described 
for the perfusion of various organs. The previously 
described technique for the lungs has necessitated 
the perfusion of both lungs and the use of two 
extracorporeal circulatory systems. 

The present study was undertaken to develop 
a simple technique for the perfusion of one lung. 
After preliminary trials the following method was 
devised: Using a left thoracotomy, the investi- 
gator dissects the left hilar structures, opens the 
pericardium, and mobilizes the left atrium. He 
heparinizes the experimental animal, passes an 
occlusive tape around the left pulmonary artery, 
and inserts a catheter into the artery distal to 
the tape. He places a Satinsky clamp across the 
left atrium in such a manner that the flow from 
the left pulmonary veins can be drained via a left 
atrial cannula without impeding right pulmonary 
venous return and its flow through the mitral 
valve. Left pulmonary venous return is drained 
by gravity into a reservoir containing 500 ml. 


957 


of blood, from which the left pulmonary artery is 
perfused with a Sigmamotor pump. Extracorporeal 
oxygenation is not required as the inflated left 
lung serves as its own oxygenator. 

In these experiments perfusion was maintained 
for approximately 25 minutes at the rate of 250 
ml, to 350 ml. per minute. To the perfusate was 
added nitrogen mustard in a concentration of 0.6 
mg./kg. and a 5 ml. aliquot of RISA®. Radio- 
activity counts of the perfused and systemic 
blood as well as weekly complete blood counts 
were made to check the escape of the perfusate 
into the general circulation. 


Diagnosis of Acute Pulmonary Embolism by 
Arteriography 


WILLIAM 8. STONEY AND JESSE E. ADAMs, 
Nashville, Tennessee 


The Trendelenburg operation for removal of a 
pulmonary embolus has been almost completely 
abandoned because of the high mortality rate 
associated with the procedure and the difficulty 
in differentiating thromboembolism from other 
acute circulatory conditions. The present study 
was undertaken to develop a simple method of 
establishing the presence and location of a pul- 
monary embolus. 

In a series of 20 dogs a large thrombus was 
formed in the interior vena cava and then re- 


_ leased. A pulmonary arteriogram was obtained a 


short time later by injection of Hypaque® into 
the external jugular vein using a single-exposure 
portable X-ray technique. A pulmonary embolec- 
tomy was then performed. 

The arteriogram obtained in this manner dem- 
onstrated the presence and precise location of the 
embolus in each experiment. Fifty per cent of the 
animals survived the embolectomy. 


Bronchial Arterial Collaterals—Effect of 
Experimental Pulmonary Artery 
Ligation and Subsequent 
Reanastomosis 


Harvey W. Kause., L. H. S. VAN Mierop, 
ALLAN 8. Peck, ALLAN STRANAHAN, AND 
D. Auiey, Albany, New York 


A large bronchial arterial collateral circulation 
can be induced experimentally in dogs and other 
species by ligating a major pulmonary artery. The 
development of bronchial arterial collaterals is 
paralleled by a regression in the size of the pul- 
monary artery and its branches distal to the liga- 
ture. The volume of collateral flow through a 
dog’s lung several months after pulmonary arterial 
ligation has been studied by Liebow ef¢ al., and 
found to approach 800 to 900 m1./M?/min. after 18 
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months. Despite the demonstration of precapillary 
communications between the expanded bronchial 
arterial collaterals and the pulmonary artery bed, 
the pressure in the pulmonary artery, distal to the 
ligature, remains lower than the pressure in the 
main pulmonary artery. | 

The present report describes the anatomic fate 
of expanded bronchial arterial collaterals induced 
by pulmonary arterial ligation after reanastomosis 
of the pulmonary artery and the functional signifi- 
cance of the collateral circulation after reanasto- 
mosis of the pulmonary artery. The contributions 
of this study, involving the use of approximately 
200 dogs during the past four years, are as follows: 

The difficult technical task of reanastomosing a 
chronically ligated pulmonary artery has been 
solved. 

After pulmonary arterial reanastomosis, re- 
gression of the bronchial arterial collaterals oc- 
curs, provided one of two conditions is met: (/) 
reanastomosis is performed before sufficient time 
has elapsed to witness a marked disparity in size 
between the two pulmonary arteries, or (2) at the 
time of reanastomosis, the contralateral pul- 
monary artery is narrowed by a band to approxi- 
mate the caliber of the reanastomosed pulmonary 
artery. 

Even two years after pulmonary arterial liga- 
tion, the bronchopulmonary arterial communica- 
tions in the experimental preparation are of 
insufficient size to set up a hemodynamic block or 
reverse flow when continuity of the ligated artery 
is restored. 


Topographic Large-Section Study of Satellite 
Nodules in Pulmonary Coccidioidomycosis 


P. J. MELNICK AND JOHN D. STEELE, 
Los Angeles, California 


Topographic large sections were made through 
the entire lobe in 31 resected cavitary cases of 
pulmonary coccidioidomycosis. Satellite nodules 
were found in most of the sections, often at a con- 
siderable distance from the cavity. In 12 cases the 
satellite nodules were large enough to be palpable, 
but in the majority of cases they were microscopic 
in size and could not be palpated. There is some 
difference of opinion about the satellite nodules: 
whether they should be removed together with the 
main lesion by lobectomy or whether they are suc- 
cessfully controlled by the host tissue reaction. 
Fourteen cases of nodular resection were studied 
with many special stains to evaluate healing and 
nonhealing. The satellite nodules in 11 resected 
cavitary cases were studied with special stains as 
well as with histochemical enzyme techniques. 

Differing histologic and enzyme patterns were 
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found in the healing and nonhealing nodules. In 
the nodules that were healing, an abundance of 
metachromatic acid mucopolysaccharide, reticulin 
fibers, collagen, esterase, alkaline phosphatase, 
lipase, phosphamidase, and succinie dehydro- 
genase were found. In the nonhealing nodules 
there was a marked decrease or absence of all of 
the above. Viable spherules in the nonhealing 
nodules contained endospores and various en- 
zymes; in the healing nodules the dead spherules 
were transformed into empty shells without 
endospores or enzymes. 


Coccidioidomycosis Surgical Data from the 
VA-AF Cooperative Study 


Davip SALKIN, San Fernando, California 


Preliminary data from the four-year retrospec- 
tive (1955-1958) study shows that, of 716 patients 
hospitalized during this period, 199 patients (26 
per cent) had primary pulmonary resectional 
surgery. Two hundred resections were done (one 
bilateral) on 113 cavitary, 84 nodular, and 3 
pneumonic lesions. The operations included 64 
subsegmental, 75 segmental, and 61 lobar resec- 
tions. 

There were 25 significant complications, of 
which 9 (4.5 per cent) were due to C. immitis and 
16 (8 per cent) due to other causes. The important 
factors in the coccidioidomycotie complications 
were cavitary lesions, extensive resections, re- 
maining palpable disease, and whether the surgery 
was done by study or nonstudy units. 

Comparison with tuberculosis surgery shows 
that the complication rate of resection is similar. 
It appears that modern surgery, based upon care- 
ful selection of cases and operative management, 
is much safer than in previous years. 


7B Nontuberculous Lung Disease 
Rheumatoid Pleurisy with Effusion 


Davip T. CaRR AND JOHN G. MAYNE, 
Rochester, Minnesota 


Pleurisy with effusion is an uncommon mani- 
festation of rheumatoid arthritis. We have re- 
cently observed a series of 9 such cases and have 
prepared a clinical study of these patients with 
particular emphasis on the characteristics of the 
pleural disease. The examinations of the pleural 
fluid pointed up certain aids in diagnosis; for in- 
stance, a low concentration of glucose in the 
pleural fluid is usually present in these patients. 
The pleura was biopsied in 2 cases; the histologic 
picture of the pleural disease has been described. 
Follow-up data have been prepared. 


| 
|| 
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An Evaluation of Pleural Fluid Glucose 
Determinations 


A. H. RussAkorr, Birmingham, Alabama, AND 
CHARLES A. LEMaAIstTRE aNp Hat J. DEWLETT, 
Dallas, Texas 


It is timely that there be an appraisal of pleural 
fluid sugar determinations as an adjunct in the 
diagnosis of ‘idiopathic pleural effusion.’’ The 
literature is contradictory as to its value. A careful 
review of the data reported by numerous authors 
discloses a lack of uniformity in methodology, 
thus making impossible both an evaluation of 
each individual study as well as a composite 
analysis. 

Taking a heterogeneous group of patients with 
undiagnosed pleural effusions—later found to be 
tuberculous, nontuberculous, and undiagnosed— 
the authors ran simultaneous glucose tolerance 
tests on the blood and on the pleural fluid. No 
complications ensued. The classical Folin-Wu 
method was used. 

The results of this study indicate the following: 

The previously reported literature on the sub- 
ject is virtually without value in determining the 
place of pleural fluid glucose determinations as an 
adjunct in the diagnosis of pleural effusion. 

There is a propitious and specific time for doing 
a thorancentesis in order to carry out pleural fluid 
glucose determinations. The tap should be done 
in the morning after an overnight fast. 

A fasting pleural fluid sugar of less than 60 mg. 
per 100 ml. is suggestive evidence of a tuberculous 
process. Levels in excess of 60 mg. per 100 ml. are 
much more suggestive of a nontuberculous eti- 
ology. 

In many instances the level of the pleural fluid 
glucose exceeds the level of glucose in the blood at 
certain points, indicating that glucose is seques- 
tered into the pleural fluid. Thus there is no 
correlation between the levels of glucose in the 
blood and in the pleural fluid. 

The practice of doing simultaneous determina- 
| tions of the glucose in the blood and in the pleural 
fluid at any time other than in the fasting state is 
ungrounded, without meaning, and misguiding. 


Microscopic Examination of Bronchial 
ipithelium in Children 


OscaR AUERBACH, ARTHUR PuURDY Stout, 
CuyLeER HAMMOND, AND LAWRENCE 
GARFINKEL, East Orange, 

New Jersey 


Fifty microscopic slides were prepared from 
the tracheobronchial tree removed at autopsy 
from each of 35 children under the age of 15 for a 
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total of 1,750 slides. As a control, 1,656 slides were 
prepared from the smaller branches of the bron- 
chial trees of 36 adults. The total 3,406 slides were 
mixed in completely random order and identified 
only by a code number. Each slide was examined 
microscopically and a record made of all changes 
found in the epithelium. 

In the great majority of slides from children, 
the epithelium was found to be completely normal. 
In those not completely normal, the most frequent 
finding was regeneration. No carcinoma in situ 
was found in slides from children. 


Observations on the Evolution and Course of 
Sarcoidosis 


Davip REIsneER, Hines, Illinois 


A group of 86 consecutive, histologically con- 
firmed cases of sarcoidosis form the basis for this 
study. Of these, 69 patients had extended follow- 
up, and two thirds were observed for periods 
ranging from 5 to 29 years. 

The course of the disease was extremely vari- 
able, ranging from apparent full recovery to fatal 
termination. Favorable outcome was three times 
as frequent in patients with disease of recent 
origin as in those with disease of chronic duration. 
Differences in the character of the disease and 
source of selection of the clinical material are, in 
large measure, responsible for some of the seem- 
ingly contradictory views regarding the course 
and prognosis of sarcoidosis. 

On the basis of observations on the consecutive 
manifestations and course of the disease, it is 
possible to distinguish the following broad phases 
in the evolution of sarcoidosis: an early or “‘pri- 
mary’? phase, characterized by conspicuous 
lymphadenopathy, with particular predilection 
for thoracic lymph nodes; a phase of dissemina- 
tion, of varying extent and degree; a phase of 
progressive and apparently irreversible organic 
changes, resulting in functional damage and 
chronic disability. Spontaneous regression is a 
prominent feature of the first two phases. 

Complicating tuberculosis is a major factor 
responsible for the unfavorable outeome in the 
present series. 


A Reactant to Human Organ Extracts in Patients 
with Certain Pulmonary Diseases and 
Rheumatoid Arthritis 


JAMES F. HAMMARSTEN, ALLEN R. HENNEs, 
MARGARET Z. Moore, R. L. 
CARPENTER, Oklahoma City, 
Oklahoma 


Serum from 61 of 90 patients with active tuber- 


culosis and 15 of 30 patients with idiopathie ob- 


\ 
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structive emphysema agglutinated latex particles 
coated with human lung extract. Agglutination 
took place in six of seven specimens of serum from 
patients with rheumatoid arthritis. In contrast, 
serum from only one of 45 control subjects ag- 
glutinated these particles. | 

An apparent inhibitor of this reaction was re- 
moved by heating serum for 15 minutes at 65° C. 

Reactant in serum from patients with tuber- 
culosis and emphysema is absorbed best by lung 
and kidney, relatively little by liver, and not at 
all by serum, although some differences exist in 
the absorption pattern between these two diseases. 
In contrast, reactant in rheumatoid serum is ab- 
sorbed best by liver and serum, relatively little 
by kidney, and not at all by lung. 

A trypsin digest supernatant of lung removes 
reactant from emphysema serum but not from 
rheumatoid serum. | 

The reactant in serum from patients with 
emphysema and tuberculosis is markedly different 
from that in rheumatoid serum and seems to be 
directed against a completely different organ com- 
ponent. 


The Association of Chronic Peptic Ulcer and 
Chronic Pulmonary Emphysema 


GporGE L. Baum, Martin H. Kacser, 
AND JoHN H. Kartue, Coral Gables, 
Florida 


An increased incidence of chronic peptic ulcer 
in patients with chronie obstructive pulmonary 
emphysema has been reported by several investi- 
gators. At the authors’ institution the hospital 
records of 478 subjects, diagnosed as having 
chronic pulmonary emphysema, were studied 
retrospectively. Chronic peptic ulcer was present 
in 22.7 per cent, in contrast to an incidence of 
2.7 per cent of chronic peptic ulcer among 3,225 
patients of an identical age group (over 40) ad- 
mitted during the same study period. When exact- 
ing criteria for the diagnosis of these two diseases 
were applied (fluoroscopic, post-mortem, pul- 
monary function, surgical, or roentgenographic 
criteria), there were 61 unequivocal cases of 
chronic peptic ulcer among 208 patients with un- 
equivocal chronic obstructive pulmonary em- 
physema, for an incidence of 29.3 per cent. 

Studies of fasting gastric acidity in a group of 
30 unselected patients with chronic obstructive 
pulmonary emphysema indicated a mean gastric 
juice pH of 2.2 mean control (10 subjects) = 4.5, 
and a mean gastric juice free HC! of 35.4 units 
mean control (10 subjects) = 15.6 units. There 
were no correlations between the gastric secretion 
pH or free HCI or free HC] and arterial blood gas 


or pH measurements, nor was there any significant 
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change in the gastric acidity during a 30-minute 
5 per cent CO, inhalation period and for 30 minutes 
thereafter. 

Preliminary studies in a group of 5 patients with 
chronic pulmonary emphysema and chronic peptic 


ulcer reveal a mean plasma hydrocortisone level 


of 21.9 u/100 ml., contrasted with values of 15.9 
2/100 ml. (5 subjects with pulmonary emphysema 
alone), 11.6 4/100 ml. (6 subjects with peptic ulcer 
alone), and 10.9 w/100 ml. (6 control subjects). 
Further work is now in progress. 

It is concluded that these studies do not support 
the hypothesis that CO, retention or other blood 
gas abnormalities may predispose toward the de- 
velopment of peptic ulcer in patients with chronic 
pulmonary emphysema. A possible stress mecha- 
nism is suggested. 


8B Immunology 
An Immunogenic Tubercle Bacillus Extract 
ALFRED J. CROWLE, Denver, Colorado 


Repeated experiments in the writer’s laboratory 
have shown that killed tubercle bacilli injected 
into mice as water-oil emulsions provoke in these 
animals a clear-cut resistance to challenge tuber- 
culosis, and that this resistance can be matched 
by substitute treatment with some proteinaceous 
tubercle bacillary extracts. These bacillary con- 
stituents have been studied biochemically and 
immunochemically over the past three years as 
part of a general investigation on tuberculoim- 
munity induction and its mechanisms. 

Of these extracts, one of the most interesting 
and easiest to work with has been obtained from 
trypsin-digested tubercle bacilli. This substance 
is readily soluble in buffer, giving a clear amber- 
colored solution that can be passed through bac- 
terial filters efficiently and easily. It immunizes 
mice as effectively as similar quantities of living, 
avirulent tubercle bacilli or killed, virulent ones 
of the same strain as is used for infection. The 
extract does not need any potentiation for im- 
munogenic effect in mice by the crude lipids that 
seem necessary for its protectiveness in guinea 


pigs. In fact, its immunogenicity is not disturbed 


by exhaustive extraction of its lipids by neutral 
organic solvents. It can evoke immunity as a 
water-oil emulsion prepared with any one of three 
different emulsifying agents (mannide monooleate, 
glycerine monooleate, Aquaphore). 

A similar, but more complex, proteinaceous ex- 
tract has the same immunogenic properties. In- 
terestingly, it can be used with equal effectiveness 
in water-oil emulsions, simply mixed with n- 
hexadecane (the emulsion oil phase), as an alum’ 
precipitate, or merely in buffer solution. 
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These two substances have been submitted to 
preliminary chemical and immunochemical analy- 
ses. The active essence appears to be a low molec- 
ular weight polypeptide that may be susceptible 
to definitive purification by immunoelectrophore- 
sis. 


Experimental Killed Antituberculosis Vaccines 
Prepared by Solvent Extractions 


Anson Hoyt, MILLIE A. THOMPSON, 
FREDERICK J. MoorRE, AND 
C. RicHarp Situ, Los 
Angeles, California 


Tubercle bacilli contain stable immunogenic 
components. R. J. Anderson’s purified tubercle 
bacillus wax after thirty years’ storage has sig- 
nificantly immunized mice against experimental 
tuberculosis. Recently prepared fractions of this 
wax have done likewise. 

Fresh BCG-IV (Rosenthal) and heated (100° C. 
for three hours) human M. tuberculosis (Lederle) 
were completely extracted by slightly modified 
methods of Anderson. Small fresh masses of H37Rv 


have been partially extracted and fractionation of | 


a large H37Rv mass is under way. Many extracts 
and their residues have been tested for their 
mouse-immunizing potencies. 

Results indicate that the large, neutral ethanol- 
ether extracts and also most firmly bound lipids 
are nonimmunogenic. Neutral chloroform H37Rv 
extracts have immunized as well, or almost as 
well, as live BCG. Comparable BCG extracts 


seem less effective. BCG residues, however, appear 


more immunogenic than like residues of H37Rv. 
Most vaccines produced from the heated bacilli 
have immunized poorly in tests already completed. 


The Immunogenicity and Allergenicity of 
Mycobacterial Cell Walls and Intracellular 
Particles in CF; and Strong A Mice 


Koom1 Kanai, Guy P. YOUMANS, AND 
ANNE S. YouMANs, Chicago, 
Illinois 


Small enzymatically active intracellular par- 
ticles collected by ultracentrifugation from ex- 
tracts of mechanically ruptured attenuated 
mycobacterial cells were highly immunogenic for 
mice. However, the question of whether these 
intracellular particles represent all of the im- 
munogenic substance of the tubercle bacillus has 
not been resolved. 

Therefore, mycobacterial cell walls have been 
isolated and purified and their immunogenicity 
compared with that of the intracellular particles, 
using two strains of mice that differ markedly in 
their immune response to whole cells. 

Repeated experiments have revealed that the 
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intracellular particles obtained from the H37Ra 
strain are far more immunogenic for mice than are 
the purified cell walls of the same mycobacterial 
strain. Furthermore, the immunogenicity of the 
intracellular particles obtained from H37Ra cells 
disrupted by pressure was much greater than the 
immunogenicity of particles obtained from cells 
disrupted by grinding in a ball mill or Waring 
Blendor with powdered glass. 

Tuberculin hypersensitivity was induced in 
guinea pigs by the purified mycobacterial cell 
walls but not by the immunogenic intracellular 
particles. 


The Influence of Alteration of the Diet on the 
Susceptibility of the Albino Rat to 
Mycobacterium Tuberculosis 


Ricuarp L. Loyp W. 
AND Tom R. Hami.ton, Kansas City, 
Kansas 


The rat is naturally resistant to progressive, 
fatal tuberculosis. Only hypophysectomy, alloxan- 
diabetes, and injection of cortisone have been re- 
ported to lower this resistance. An increased sus- 
ceptibility to M. tuberculosis in thiouracil-treated 
rats fed atherogenic dietary factors is reported 
herein. 

Rats prefed with Purina chow, a basal unaltered 
synthetic ration, or the synthetic ration altered by 
the addition of cholesterol (5 per cent) or sodium 
cholate (1 per cent), remained grossly healthy for 
at least 60 days following infection with M. tuber- 
culosis H37Rv (0.3 mg. intravenously). Animals 
lost their resistance when fed the synthetic diet 
containing either thiouracil (0.3 per cent) or 
thiouracil plus sodium cholate and cholesterol. 
The susceptibility of the latter group was espe- 
cially marked. Uninfected rats fed the experi- 
mental diets remained healthy throughout the 
experiment. 

Histopathologic pictures of sections from ani- 
mals in all groups showed granulomatous changes, 
with cellular proliferative foci in the infected rats 
in all groups that were not fed thiouracil. The 
thiouracil-treated animals presented more wide- 
spread diffuse interstitial involvement, including 
an apparent increase in the number of large cells 
with foamy cytoplasm. 


Serologic and Skin Test Activity of 
Polysaccharides Derived from 
Systemic Mycotic Pathogens 


A. Knicut, A. HILL, AND 
STANELY Marcus, Salt Lake City, 
Utah 


Polysaccharide antigens have been prepared 
from Histoplasma capsulatum, Blastomyces derma- 
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titidis, Coccidioides immitis, and Sporotrichum 
schenckii. The complement-fixing activity of these 
polysaccharides and the cell-free extract antigens 
from each of these fungi were compared for ho- 
mologous and heterologous reactions. These find- 
ings indicated that cross reactions do occur, but 
that a degree of specificity could be achieved by 
adjusting the concentrations of the antigen and 
antibody. Although the cell-free extract antigens 
reacted at higher dilutions of the antibody, the 
polysaccharide antigens were active in the com- 
plement-fixing test, and the same specific reaction 


could be achieved with the optimal concentrations | 


of the polysaccharide antigen and the correspond- 
ing antibody. 
The skin-test activities of these polysaccharide 
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antigens were investigated in guinea pigs and 
humans. A comparison of the skin-test activity 
of the polysaccharide antigens with standard 
skin-test preparations or commercially available 
skin-test antigens showed that the polysaccharide 
preparations possessed skin-test activity equal to 
the filtrate antigens. Cross reaction did occur at 
higher polysaccharide concentrations, but ad- 
justing the concentration of the antigen produced 
a specific reaction. Limited data suggested. that 
the polysaccharide antigen produced a more clear- 
cut area of induration and the filtrate antigen 
produced more erythema and less induration. 
Theoretically, the polysaccharide antigen pos- 
sesses all the advantages advanced for the use of 
PPD rather than Old Tuberculin. 


‘ 


NOTICES 


The following dates and locations of the next four annual meetings of the National Tuberculosis 
_ Association and the American Trudeau Society have been selected and approved: 


1961—Cincinnati, Ohio—May 21-26 
1962— Miami Beach, Florida—May 20-25 
1963— Denver, Colorado—May 12-17 
1964—New York, New York—May 24-29 
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EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 
Serving medical progress through Photography and Radiography 
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SAY IT WITH SLIDES! 


To illustrate a surgical procedure ...to present cases before and after treat- 
ment... use color siides. Slides capture and hold attention. Details are easily 
pointed out and explained. You match your pace to your time and your audience. 


Chondroma of chest wall—2 aspects 


SAY IT CLEARLY, VIVIDLY ... with the 


Price is list and subject 
to change without notice. 


/ KODAK CAVALCADE PROJECTOR, Model 510 


New and automatic. This projector 
shows up to 40 slides in sequence; 
holds each on the screen for 4, 8, or 
16 seconds; changes each quickly, 
automatically. Alternatively, a 12-foot 
remote manual control cord lets you 
change at any interval—with a push of 
the thumb. (With the hand-operated 
control wheel you can go back to slides 
already shown or skip ahead over 
others.) You choose 300- or 500-watt 


illumination with the flip of a switch, 


Fast {/2.8 lens, 5-inch, gives you big, 
sharp screen pictures. And each slide 
is preconditioned by a stream of warm 
air for constant sharp focus. $159.50. 
See the Model 510 and other 
Kodak Cavalcade Projectors at 
your Kodak photo- 
graphic dealer’s. 
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POWERS 


COMPLETE CASE 
FINDING SERVICE 


For more than 25 years Powers has been 
relieving TB case-finding projects of all tech- 
nical problems. Our technicians work to your 
schedule with units that can handle as many 
as 200 chest x-rays per hour. We deliver fully 
processed x-rays, with a viewer, to sponsor's 
roentgenologist. Long experience and large 
volume make Powers X-ray Service both 
economical and efficient. 


Available in either full size roll paper method 
or 70 mm photofluorographic method. Write 
before you plan a TB case finding project. 


ECONOMICAL 
X-RAY 
PAPER 


You can have high quality radiographs at less 
than half the usual cost with Powers X-ray 
Paper. Used by leading hospitals for over 16 
years. Powers X-ray Paper is available in 
standard sheet sizes, or perforated rolls for 
use with the Powers Magazine Cassette. 
Write for complete information. 


POWERS X-RAY PRODUCTS, INC. 


Glen Cove, Long Island, N.Y. 


Determines 
three 
measurements 
from 
one single 
breath 
1. Vital Capacity 
2. Timed Vital 
Capacity 


3. Maximum 
Breathing 
Capacity 


PULMOMETER 


The Timed Vital Capacity is expressed as % 
of measured V.C. during an adjustable time 
(0.5-1.0 or 1.5 sec. also available 1,2,3 sec.) 
The patient makes a forced expiration into 
the PULMOMETER. Two pointers move at 
the same time over a lighted scale. One in- 
dicates the V.C., the other stops automati- 
cally after the set time and gives the M.B.C. 
The PULMOMETER is easy to operate and 
inexpensive. Tests are easy to repeat and 
yield direct readings without calculation. 
Available with or without recorder for per- 
manent record. 


Write for additional information 


INSTRUMENTATION ASSOCIATES, INC. 


Distributors of Laboratory and Scientific Specialties 
17 West GOth Street 
New York 23, N.Y. 
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DUPLISNAPS. 


DUPLISNAP carbon interleaved 
Mail-Aids. Made in sets of 2, 3, 
4, 5 and 6 sheets, 33 labels to 
each sheet. Interleaved with 
smudge resistant carbon. For use 
with typewriter. 


EUREKA SPECIALTY PRINTING CO. 


530 ELECTRIC STREET, SCRANTON 9, PA. 


POSITIONS AVAILABLE 
AND WANTED 


RATE $3.50 per insertion for 25 words or less; additional 
words—15 cents each. Bold face semi-display $5.00 per in- 
sertion for 25 words or less; additional words—20 cents 
each. Box number—75 cents extra. Remittance should 
accompany copy and be sent to: The American Review of 


| Respiratory Diseases, 280 Madison Ave., New York 16, 
N. ¥. 


“Acting chief pulmonary section important Veterans 


| Hospital, age 46 New York license, seeks better posi- 


tion as medical director or related.” Box 161, American 
Review of Respiratory Diseases, 280 Madison Avenue, 
New York 16, New York. 


VERSITY. 


342 pages, illustrated 


problems of tuberculosis. 
Not only does it aor 
United States, but it affor 


1904-1908; Growth of the Tu 


NATIONAL TUBERCULOSIS ASSOCIATION 
1904-1954 


A Study of the Voluntary Health Movement 
in the United States 
by Richard Harrison Shyrock, Ph.D. 


W. H. Weicu PRoressor OF THE HisToRY OF MEDICINE, AND DIRECTOR OF 
THE INSTITUTE OF THE History OF MEDICINE, THE JonNs Hopkins UNt- 


$3.50 


This book would be a valuable addition to any medical library. It should be on the refer- 
ence list of every medical schoo!; and on the desk of all private physicians interested in the 


a historical background for the antituberculosis movement in the 
s enlightening orientation to the entire voluntary health movement 
with the National Tuberculosis Association as the principal illustration. 

The three overlapping areas of the Association’s activities—medical science and practice, 
ublic health, and social welfare—are presented here by an able medical historian who knows 
ow to give facts in a clear and interesting way. 

Among the chapters are: Medical Background; Social Background; Tuberculosis in the 
United States, 1904; Founding of the National Tuberculosis Association; Arousing the Public, 
rculosis Movement, 1904-1920; Administrative Developments 
and Reorganization; Problems and Policies, 1908-1922; Widening Contracts and Activites, 
1917-1922; Foreign Contacts, War, and the Emergence of a New Era; The Research Program, 
1940-1954; Chemotherapy and the Climax of Fifty Years of Service. 
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Audience Profile 


An analysis based on every tenth name of our United States subscription list checked 
against the AMA 1958 Directory to insure proper geographical coverage 


Total Circulation 
United States 


Pp 


HYSICIANS 


Percentages figured only to second decimal point 
See inside front cover for subscription rate 
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SPECIALTY MAJOR PROFESSIONAL INTEREST 
2 
50 11.46 General private practice... 22 ‘5.04 
Starred pulmonary specialist. ...... 84 19.27 Primary interest in internal medicine 
Pulmonary specialist... 24 5.50 and pulmonary 70 38.99 
Siareemnteeerenst.......5........ 85 19.49 GP with interest in pulmonary dis- 
.68 Physician in advanced training. 17 3.89 
Starred thoracic surgeon 27 46.19 #&«%5Full-time hospital 76 17.43 
Starre@ radiclogist................... 7 1.60 Full-time medical-school staff. . 7 1.60 
Starred public-health specialist... 1.14 Hospital administration... 2 
Starred pediatrician 3.68 General public-health practice. 10 2.29 
Starred otologist. . 2 .45 Retired... 3 .68 
Starred and unstarred specialists in Not in practice 1 waa 
allergy, bacteriology, gastroenterol- _17 _3.89 
ogy, hospital administration, indus- 350 80.19 
trial medicine, OALR, OBG, ortho- Institutional subscribers... 86 19.72 
pedic sud medicine— 436 99.91 
Ne _17 _3.89 
350 80.19 
Institutional subscribers... _86 19.72 
436 99.91 
AGE OF PHYSICIAN POPULATION 
Ne. % 
55 12.61 10=25,000 39 8.94 
350 80.21 350 80.24 
Institutional subscribers. _86 19.72 Institutional _86 19.72 
436 99.93 436 99.96 
BREAKDOWN OF INSTITUTIONAL SUBSCRIPTIONS 
Genera Medical College Population 
3 5 2 0 l 0 Under 40,000 
3 2 1 0 0 1 0 10=25,000 
0 2 4 0 3 2 1 25-50,000 
l 1 1 0 1 2 2 50-100,000 
2 0 1 1 0 0 2 100=200,000 
3 Le® 0 0 0 1 4 200-500,000 
4 3 2 0 0 1 0 500-1 ,000,000 
2 1 2 0 6 Over 1,000,000 
18 4.12% 20 4.58% 15 3.44% 4 .91% 6 1.37% 8 1.82% 15 3.44% 86 19.72% 


8,128 
Canada. ..... 250 
Foreign and Miscellaneous 3,227 


MANY CANCERS ARE CURABLE... NOW. These are 
words of hope for the thousands of cancer patients who see 
their physicians in time. 

Tremendous gains can be made... now...in three of the most 
common cancer sites: breast, cervix, rectum. The annual health 
checkup can often detect early cancers in these sites at a time 
when presently available methods of treatment can effect many 
more cures than are being achieved today. 


The American Cancer Society, therefore, in its broad public 
education program, emphasizes the importance of annual 
physical examinations for all adults. 


Together an alerted public and the medical profession can win 
a major victory over cancer... now. 


AMERICAN CANCER SOCIETY 
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The Behavior of 
Pulmonary Tuberculous Lesions 


by E. M. MEDLAR, M.D. 


240 pages : 43 illustrations in color 


In this monograph, published originally as a supplement to the March 
issue of The American Review of Tuberculosis and Pulmonary Dis- 
eases, the author has brought together in these eleven comprehensive 
sections the results of a lifetime of observation and interpretation. 


I. STATEMENT OF THE PROBLEM. 
II. THe EXPERIMENTAL APPROACH. 
III. Necropsy StupiEs of HumaAN PuLMONARY TUBERCULOSIS. 
IV. PRELIMINARY Discussion OF RESECTED SPECIMENS. 
V. BEHAVIOR OF THE PARENCHYMAL TUBERCULOUS LESION. 
VI. A Stupy or Resecrep TuBERCULOSIS. 
VII. Broncutat Lesions In TUBERCULOSIS. 
VIII. TusercuLosis AND BRONCHIECTASIS. 
IX. BactTERIOLOGIC OBSERVATIONS. 
X. RE-EXAMINATION OF THE PROBLEM. 


XI. Postscripr. 


_A few extra copies of this monograph are available at the following postpaid rates: 


Paper Bound...... Oe $1.50 each. 


Send your order and payment at once to 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 
1790 Broadway New York 19, N. Y. 


DIFCO LaporaTory PRODUCTS 
BIOLOGICS CULTURE MEDIA REAGENTS 


Media for Standard Methods Culture Media Dehydrated and Prepared 
Microbiological Assay Media Tissue Culture and Virus Media 
Bacterial Antisera and Antigens Diagnostic and Serological Reagents 
Sensitivity Disks  Unidisks Peptones  Hydrolysates § Amino Acids 
Enzymes Enrichments Dyes (Indicators Carbohydrates. Biochemicals 


over © years’ experience 
in the preparation of Difco products assures 


UNIFORMITY ‘STABILITY ECONOMY 


Complete Stocks Fast Service 


E 
CHEST RESPIRATOR 


with closare down the side 


Place the gown on the table, 
| . the patient on the gown, and 


the shell over 
the patient. 
Then wrap, and 
close the edge. 


Assures ample 
ventilation in 
bronchoscopies 
under general 


anesthesia, 


Orsupportsa 
crushed chest. i 


write 


J. H. EMERSON CO., CAMBRIDGE 40, MASSACHUSETTS 
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SIMPLIFIES TUBERCULIN TESTING 
STERNEEDLE’ GUN 


The Automatic TS Case-Finding Device 


for the Heaf TUBERCULIN TEST 
The STERNEEDLE 


n is an improved multiple 


puncture 
apparatus for rapid intradermal tuberculin testing. Based on 
the Heaf principle of multiple puncture, six needles 
contained within the STERNEEDLE cartridge mechanically 
and painlessly penetrate the skin through a previously 
applied film of concentrated PPD. Needle puncture and | 
withdrawal is automatic. 


¥ ADVANTAGES... 


®@ Four (4) times faster than Mantoux. i 
® Faster and more reliable than Patch test. | 
_ ® Performs up to 400 tests per hour. | 
® Detects reactors to TU Mantoux and some 100 TU reactors. 
= No dressing required. . 
® Accurate interpretation, without measurement. 


Averages 250 readings per hour. 


® Each test is uniform—puncture of 1 mm. depth 


and needie withdrawal is automatic. 


® No special skill required. 

® Painless. ideal for testing children. 

® Eliminates hazardous and uncertain flame sterilization. 

® Disposable needle cartridges ELIMINATE CROSS-INFECTION. 


Procedure for STERNEEDLE TUBERCULIN TEST: 
Top, left... Slip needie cartridge on guh with 
plastic applicator. Remove applicator. 

Top, right...Piace @ drop of tuberculin PPD on 
cleansed forearm. 

Bottem, left... Place on drop of tuberculin 
cally triggers and retracts the needies. 

Bottom, right: Disposabie needie cartridges and 
may be washed and sterilized for 
reuse, if desired. 


= Low cost STERNEEDLE cartridges may be resterilized. 


Write for literature. Personal demonstration may be arranged. 
DET 


266 South Dean Street, Englewood, New Jersey 


Canada: Wintey-Morris Co., 4700 Prince of Wales, Montreal 


*Trademark. Pat. Pend. 
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